Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2026

Supplementary information

Imaging hole transport at catalyst-coated MIS photoanodes
for water splitting under high-intensity illumination
Kanokwan Klahan,2? Bertrand Goudeau,? Patrick Garrigue,2 Véronique Lapeyre,2
Lionel Santinacci,° Mana Toma,? Pichaya Pattanasattayavong,®* Gabriel Loget?*

a University of Bordeaux, Bordeaux INP, ISM, UMR CNRS 5255, Pessac 33607, France

b Department of Materials Science and Engineering, School of Molecular Science and Engineering,
Vidyasirimedhi Institute of Science and Technology (VISTEC), Rayong 21210, Thailand

¢ Aix-Marseille Univ, CNRS, CINaM, Marseille, France

d Department of Electrical and Electronic Engineering, School of Engineering, Institute of Science
Tokyo, Nagatsuta-cho 4259, Midori-ku, Yokohama, 226-8501, Japan

*Corresponding authors: pichaya.p@vistec.ac.th; gabriel.loget@cnrs.fr

Table of contents

Section 1 - Methods S2

Section 2 - Analysis of the PEC response of a homogeneously-coated photoanode S4
Section 3 - Calculation of minority carriers diffusion length (L,) and depletion width

(W) in n-type Si S6
Section 4 - Effect of surface shielding and electrolyte immersion S6
Section 5 - Supplementary tables S8
Section 6 - Supplementary figures S10
Section 7 - References S22

S1


file:///C:/Users/Gabriel%20Loget/AppData/Local/Temp/6e93d4d4-3505-4b32-acc5-5f99f36d8554_V5.zip.554/V5/pichaya.p@vistec.ac.th
file:///C:/Users/Gabriel%20Loget/AppData/Local/Temp/6e93d4d4-3505-4b32-acc5-5f99f36d8554_V5.zip.554/V5/gabriel.loget@cnrs.fr

Section 1 - Methods
Materials and reagents

All silicon (Si) wafers (280 pym-thick) were purchased from University Wafers and were single side
polished (n-Si, <100>, phosphorus-doped, 1-10 Q cm resistivity). Boric acid (H3;BO3, >99.5%), sulfuric
acid (H,SO,4, 98%), and hydrogen peroxide solution [H,O,, 30%(w/w) in H,O] were purchased from
Sigma-Aldrich. Potassium hydroxide (KOH, AR grade) was purchased from UNIVAR. Acetone (AR

grade) and isopropanol (AR grade) were purchased from Carlo Erba.
Sample preparation and characterization
Substrate cleaning and Ni film sputtering

Si surfaces were cleaned by sonication in glass cleaning detergent, deionized water, acetone, and
ethanol, each for 10 min in that order. The surfaces were then oxidized in piranha solution (3:1 v/v
concentrated H,S04:30% H,0,) at 105 °C for 30 min, leading to n-Si/SiO,. Ni thin films were deposited
on the n-Si/SiO, substrate by sputtering with a Leica EM ACE600 coating system (the thickness was
monitored in situ by a quartz crystal microbalance). During sputtering, the Ar gas pressure was 2x10-

2 mbar and the current was 100 mA.
Preparation and characterization of patterned Ni thin films

The patterned Ni film was produced on the n-Si/SiO, surface by photolithography followed by lift-off.
First, a positive photoresist film (Microposit S1813) was deposited onto n-Si/SiO, via spin coating and
heated at 115 °C for 1 min. Using a UV-Kub 2 (Kloé) masking system, the surface was exposed to UV
light through a photolithographic mask. After exposure, the sample was developed in Microposit MF-319
and rinsed with water. Ni film was then sputtered onto the patterned photoresist film. By sonicating in
acetone, the photoresist film was removed, producing the desired patterned Ni thin film on the n-Si/SiOy
substrate. The Ni microdisks array was produced by e-beam lithography, as described in our previous

report.’
Physical and surface characterizations

The morphology of the Si photoanodes was studied by scanning electron microscopy (SEM) using a
TESCAN VEGA3 SBH instrument. For atomic force microscopy (AFM) measurements, a Bruker
MultiMode 8 (ScanAsyst air method) was employed to determine the thickness of Ni film (Figure S4).
The AFM probe was a Bruker model SCANASYST-AIR (70 kHz, 0.4 N m', 115 pym length). The
transmittance spectra of the Ni film and Kapton tape were measured using an Agilent Cary 100 UV-

visible spectrophotometer.
Electrode preparation

A large Ohmic contact was formed at the backside of the photoelectrode by scratching the surface,
applying InGa and silver paint, and then covering the whole surface with Cu tape. Thus, the collection

of electrons is not expected to be a limiting factor during the experiments.
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Photoelectrochemical (PEC) mapping system

An inverted confocal microscope (Leica DMi6000B CS TCS SP5) was used as the primary component
of the PEC mapping system, providing a focused laser source for both imaging and photogeneration.
The electrochemical cell was an a-Clipse P (ldylle), which featured a bottom glass window and an
electrolyte channel (thickness of ~3 mm). The geometrical electrochemical surface area was defined by
the O-ring diameter and equaled 0.41 cm?2. In the case of photoelectrodes patterned with Ni microbands,
about 50% of the patterned area was covered by the Ni thin film. The pattern size was a square of
0.5x0.5 cm?. The built-in FRAP wizard of the LAS AF program was utilized to control the position of the
laser, and the mapping points/grid on the photoelectrode were defined via the program interface. The
illumination time for each point for PEC mapping was 1 s. The objective lens and the laser used in this
study were, respectively, 20x with a numerical aperture (N.A.) of 0.4 and 633 nm from HeNe lasers
(unless otherwise specified), giving a laser beam with a theoretical diameter of ~800 nm according to
Abbe’s equation (D = 2/2N.A.); however, the real size of the laser beam is expected to be slightly larger,
as discussed in the Results and Discussion Section. Before PEC measurements, the stage was
moved in the XY direction (planar) to select the mapping area while monitoring the optical image of the
surface. To ensure an optimal focus of the light spot onto the photoanode, the objective lens was moved
in the Z direction (up and down) while the photocurrent (i,») was recorded using a Palmsens4 potentiostat
[with an acousto-optic tunable filter level (%AOTF) of 100]. The working distance was set for the Z
coordinate by recording the brightness of the images and the recorded current. The image size and
desired resolution were controlled by defining the number of illumination points and the scanning step
size. It is worth noting that the illumination area was the same as the laser beam size and not related to
the scanning step size. Photocurrent measurements were performed under potentiostatic control. The
photocurrent measured from each illumination point was treated as a single pixel when converting the
data to a map. Various laser powers were used in this work by adjusting the %AOTF value. The laser
power was measured using a Gentec-EO Maestro power meter as a function of %AOTF, and the
intensity obtained with the 5x objective lens is shown in Table S1. The electrolyte used in this study was
2 M potassium borate buffer (KBi, pH 9.6) unless otherwise specified. The reference and counter
electrodes were Hg/HgO and a graphite rod, respectively. All potentials in this article are referred vs
Hg/HgO, 1 M KOH. The electrolyte flow was controlled using a peristaltic pump (Grothen).

To determine the optimal region of investigation of our setup, the local PEC response of n-Si/SiOy
covered by a conformal Ni full coating (thickness of 40 nm), denoted here as n-Si/SiO,/Ni-fc, was studied
across the entire XY path of the confocal microscope (see Figure S5a for the illumination grid, area size:
500%500 pm?) at a potential of 1.5 V and with various %AOTF light intensities as shown in Figure S5d-g.
The deviation of the photocurrent across the surface of the photoanode, which can be observed in
Figure S5b-c, was thought to originate from the microscope optical defects producing uneven light
intensity across the surface, especially on the edges of the image. This information was used to select
the appropriate mapping area to minimize the photocurrent deviation, as indicated by a square in Figure

S5c. Thus, this area was selected for the PEC mapping experiments.
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Section 2 - Analysis of the PEC response of a homogeneously-coated photoanode

We studied the behavior of n-Si photoanodes covered by a uniform Ni full coating (thickness of 40 nm,
~50% transmission at 633 nm), denoted here as n-Si/SiO,/Ni-fc, under local illumination. Figure S1a
presents cyclic voltammograms (CVs) that were recorded under a single-spot local illumination on Ni
surface at the center of the sample with different light power (from 0.9 yW to 1.1 mW) by varying an
acousto-optic tunable filter level, %AOTF (see Methods Section in the supplementary information for
more details). In the dark, the anodic current is relatively low (<10 pA) and the CV presents a cathodic
peak in the backward scan, which starts at 0.8 V. Under illumination, the anodic current increases,
demonstrating that photogenerated h* participate in the oxidation processes, and the cathodic peak
increases. On the contrary, in Figure S1b, the CVs measured under identical conditions on a bare n-
Si/SiOy indicate poor h* utilization and low catalytic activity with negligible current increase under local
light illumination. Figure S1a shows that the oxidation current strongly depends on illumination power
and reveals the presence of a redox peak, occurring between ~0.6 V and ~0.9 V for both 50 and 20
%AOQTF. According to the literature, we attribute this peak to the oxidation of the Ni'(OH), present on
the Ni thin film surface to Ni""OOH.2 The redox process is quasi-reversible, and the Ni""OOH is reduced
back to Ni'(OH), at the reduction peak during the backward scan. Under illumination, the oxidation peak
is followed by an anodic current, revealing that OER is occurring after the Ni'(OH), is converted to

Ni""OOH, in good agreement with what is expected from the literature.?
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Figure S1. CVs recorded at (a) n-Si/SiO,/Ni-fc and (b) n-Si/SiO4 under local illumination at various

illumination power densities. Scan rate: 100 mV s™'.

Since most experiments in this work were performed at an applied potential of 1.5V vs. Hg/HgO,
for which oxygen evolution cannot be -a priori- assumed in Ni-based systems, additional experiments
were conducted to provide direct evidence of gas evolution at the photoanode surface. Figure S2a
shows the photocurrent recorded while a fully Ni-covered photoanode was biased at 1.5 V under
localized illumination during confocal imaging. A stable anodic photocurrent is sustained throughout the

measurement. As shown in Figure S2b, gas bubble nucleation and growth are directly observed on the

S4



Photocurrent (uA)

working electrode surface after polarization and continue to evolve with time. Given the anodic bias,
electrolyte composition, and cell configuration, hydrogen evolution at the working electrode is excluded;

therefore, the observed gas evolution is attributed to oxygen evolution on the Ni surface.

To further distinguish oxygen evolution from Ni redox activation, control oxidation—reduction
pulse experiments were performed at 0.9 V, corresponding to the Ni?*/Ni®* redox region. Under all
conditions (dark, 5% AOTF, and 20% AOTF), the anodic current exhibits a transient spike that decays
within a short time frame (Figure S2c), consistent with finite oxidation of electrochemically addressable
Ni sites. lllumination accelerates the transient but does not qualitatively alter its finite nature. In contrast,
long-term chronoamperometric measurements at 1.5 V under low-intensity illumination (5% AOTF)
reveal a stable photocurrent sustained for over 20 minutes (Figure S2d), which cannot be accounted to
Ni redox activation alone. Taken together, the sustained photocurrent response and the direct
observation of gas evolution provide strong evidence that oxygen evolution occurs during PEC operation
at this applied potential.
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Figure S2. (a) Photocurrent measured on n-Si/SiO,/Ni-fc at 1.5 V during the continuous confocal image
scanning. (b) Confocal images recorded at the progressing time, in regard to (a). (c) Current recorded
on n-Si/SiO,/Ni-fc with the reduction-oxidation pulse under dark conditions and local light illumination.
(d) Photocurrent measured on n-Si/SiO,/Ni-fc at 1.5 V under local light illumination of 5 %AOTF. Scale
bar equals 200 pum.
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Section 3 - Calculations of minority carriers diffusion length (L,) and depletion width
(W) in n-type Si

The hole diffusion length, L,, can be determined using Eq. 1:*

where D, is the minority carrier diffusivity and z, is the hole lifetime.

As the n-Si wafer employed in this study had a resistivity of 1-10 Q.cm, an average value of 5 Q-cm was
used for the calculations. At room temperature (298 K), the dopant density (Np) and D, were determined
to be 1x10' cm= and 12.03 cm? s'.5 7, at this specific Np, was estimated to be 10 s according to the

literature.®” Thus, the calculated L, was ~350 um.

The depletion width of the Schottky junction, W, is estimated using Eq. 2:8

()

Where & is the relative permittivity for Silicon (11.7), & is the vacuum permittivity (8.854x10-12 F m™"),
Vi, is the built-in potential in the Schottky contact, V, is the applied potential, g is the electron charge
(1.6x10-1° C). At zero applied bias and considering a V;, ranging from 0.6 to 1.0 V%' the depletion width
would be around 0.5-1 um. Nevertheless, the space charge region is larger during the operation with

external bias.

Section 4 — Effect of surface shielding and electrolyte immersion

We have investigated whether h* photogenerated in a region not in contact with the electrolyte can be
effectively employed for the electrochemical charge transfer. In Figure S3a, the bare SiO, surface
(region without Ni film) of a n-Si/SiO,/Ni-hc photoanode was covered with Kapton tape while most of the
Ni surface was left exposed to the electrolyte. Since Kapton tape is relatively transparent at 633 nm (see
Figure S$17)'2, carriers should be photogenerated in n-Si when illuminated through it. The photocurrent
response indicates that most of the h* generated on the uncontacted Si/SiO, surface (not in contact with
the electrolyte) cannot travel to the Ni surface in order to drive OER (Figure S3b). On the contrary, a
significant photocurrent was observed when the uncontacted Ni surface was illuminated, which confirms
the transparency of Kapton and suggests an efficient h* transfer to the Ni/electrolyte interface. To further
investigate this effect, we compared the behavior of n-Si/SiO,/Ni-fc and n-Si/SiO, photoanodes half-
covered with Kapton tape, as shown in Figure S3c-f. Again, h* photogenerated through the Ni surface
not exposed to the electrolyte can be transported to the reaction sites (i.e., the Ni surface exposed to
the electrolyte) even though the distance is as far as 3 mm (Figure S3d) as shown by the sustained

photocurrent. However, this phenomenon does not occur on n-Si/SiOy, as shown in Figure S3e,f. We
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note that the small photocurrent observed when the uncontacted SiO, area is illuminated in Figure S3b
might be due to light scattering in the electrolyte (leading to the presence of light in other unilluminated
areas). This is supported by the measurements displayed and explained in Figure S$12. Still, the diffusion
of holes from the uncontacted SiOy surface to the active Ni area is also plausible according to the large
diffusion length of the minority carriers. To sum up, these results suggest a difference in charge carrier
transport depending on the presence/absence of the Ni thin film. In the areas without Ni, lateral h*
collection is mediated via the space-charge region near the Si surface, which only forms when n-Si/SiOy
is in contact with the electrolyte.’3'4 In the past, the evidence of the lateral carrier transfer through the
inversion layer in p-Si photocathodes has also been discovered.'® With the Ni coating, two possibilities
can explain the long-range charge carrier transport: /) a permanent Schottky junction is formed between
n-Si and Ni, facilitating h* transport in the space charge layer across the sub-surface; and i)

photogenerated h* are transferred to and transported through the conductive Ni layer.10.16
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Figure S3. Schemes of the photocurrent measurements and the resulting photocurrent profiles
measured on (a, b) n-Si/SiO,/Ni-hc, (c, d) n-Si/SiO,/Ni-fc, and (e, f) n-Si/SiO,, each partially covered with
a Kapton tape. Applied potential: 1.5 V, laser intensity: 20 %AOTF. The corresponding confocal images

and illuminating points are shown in Figure S$13.
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Section 5 - Supplementary Tables

Table S1. Measured powers and calculated intensities of the 633 nm laser at various %AOTF.

Laser A =633 nm

%AOTF B W Power density No. of suns
ower (uW) (MW m-2)* equivalence
1 0.85 1.7 1.7x103
2 2.74 5.6 5.6x10%
5 14.7 30 3x10°
20 210 427 4.3%108
50 1078 2192 2.2x108

*The intensity is calculated with the theoretical laser beam area obtained with 20% lens.

Table S2. Summary table of previous studies related to the photoelectrochemical mapping of Si-based
(photo)electrodes.

Surface (Reaction) Method Smallest feature*
p-Si/SiO,/Ti/Pt patches (HER)'® SECM™ and SPCM (light) 500 um Pt patch
p*-Si/Ni microelectrodes (OER)'” SECM™ (dark) 10 um Ni microelectrode
n-Si/SiO,/Ir microbands (ECL)® PECL™ 10 um Ni microband
n-Si/SiO,/Ni micro-nanoparticles (ECL)' PECL™ 50 nm Ni nanoparticle
n-Si/SiO,/Ni m_ic_;t;—i?\?v(;r:l)(pattern (OER) SPCM (light) 1 um Ni microdisk

*This is referred to as the smallest feature that the authors showed/reported in their studies and might not be the best
resolution of their PEC mapping systems.

“ These techniques do not measure the photocurrent generated on the surface directly. They instead measure the local
product for SECM and local electrochemiluminescence for PECL.
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Table S3. Summary table of previous studies employing the scanning photocurrent microscope/mapping
on various photoelectrodes.

No. Sample Reaction Setup / Platform Reported resolution*®
1 p-WSe, " HER Objeg;\'nf;ﬁn;}csr;’sgéliN'A' 4 um beam diameter
2 p-rﬁiiégmii;mgosz HER Objective lens: 100x, 0.55 N.A. ~1 um beam diameter
3 p-WSe, monolayer?’ HER Raman platform 1 um beam diameter
4 n-TiO, nanotubes?? OER P o ) M 10 pm feature
5 n-TiO,/Au nanocrystals- OER Objective lens: 50%, 0.5 N.A. ~240 nm Au

nanoparticles?? Optical darkfield microscope nanoparticle
P . Objective lens: 50%, 0.5 N.A.
6 p-Si(micropyramids)/Pt?* HER Optical darkfield microscope ~2 um feature
n-TiO,/MoS,/Au Objective lens: 50%, 0.5 N.A.
7 nanoplate®® OER Optical darkfield microscope ~1-10 um feature
n-Si/SiO,/Ni microdisk Objective lens: 40x, 0.8 N.A.
8 — This work OER Confocal microscope 1 um feature

*This is referred to as the smallest feature or beam diameter that the authors showed/reported in their studies and might not
be the best resolution of their PEC mapping systems.

Table S4. Photocurrent (i,n) measured at 1.5 V on n-Si/SiO,/Ni-fc with Ni thickness of 20 and 40 nm

under local illumination at 20 %AO0TF.

Ni thickness (nm) iph (LA)
20 28 -34
40 24 - 30
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Section 6 - Supplementary Figures
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Figure S4. AFM measurements showing the height profile of Ni films deposited on a Si/SiOy substrate.
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Figure S5. (a) Confocal image indicating the illumination points on a n-Si/SiO,/Ni-fc photoanode.
Photocurrent maps corresponding to the illumination points in Figure S5a (b) without and (c) with the
interpolation/smoothing treatment. The photocurrent was obtained with 20 %AOTF and an applied bias
of 1.5 V. (d-g) Photocurrent curves measured at 1.5 V under local light illumination on different
points/areas (the illuminating grid shown in Figure S5a) with %AOTF of (b) 20, (c) 5, (d) 2, and (e) 1.
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After

Figure S6. Confocal images of n-Si/SiO,/Ni-mds before and after the mapping measurement. The scale

bar equals 5 um.
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Figure S7. (a)-(b) Ratio of iynni/ ipn,simeasured on n-Si/SiO,/Ni-mds under local illumination on Ni and
Si of various Ni particle diameters. iy, niis the lowest photocurrent measured under the illumination on a
Ni patch, iph siis the highest photocurrent measured under the illumination on SiOy, Die, is the theoretical

diameter of the laser beam.
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Figure S8. Raw photocurrent maps without interpolation/smoothing treatment, corresponding to Figure

2 for (a) 5, 4 and 3 um particles and (b) 2 and 1 um particles. The scanning step size was 0.5 um. (c)

Raw photocurrent maps, without interpolation/smoothing treatment, obtained with 40x objective and a

step size of 0.2 um. 5 %AOTF was used.
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Figure S9. Transmittance spectra of a bare microscope glass slide, a microscope glass slide coated by

a 40 nm-thick Ni film, and a microscope glass slide covered with Kapton tape.
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with a Ni thickness of (a) 20 and (b) 40 nm.
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Figure S11. Photocurrent profile on n-Si/SiO,/Ni-hc where the area of interest is located 3-4 mm away
from the Ni boundary. (a) Confocal image of the scanned area and (b) photocurrent under local
illumination following the line indicated in (a) with a scan step size of 2 um. (c) Ni 2p XPS spectra
measured on the as-prepared and tested n-Si/SiO,/Ni-hc with the beam center (~400-600 um in

diameter) at various distance from the Ni boundary. Applied potential: 1.5 V, laser intensity: 5 %ATOF.

The scale bar equals 100 pum.
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Figure S12. (a), (c) Schemes illustrating the strategy employed for measuring background
photocurrents and (b), (d) measured background photocurrents on (a)-(b) n-Si/SiO,/Ni-fc photoanode
and (c)-(d) bare n-Si/SiO,, respectively. Confocal images of (e) n-Si/SiO,/Ni-fc and (f) n-Si/SiO, with the
small piece of the electrical tape covering the surface. The ROl/illumination positions are indicated and
related to ROI no. in (b) and (d). The scale bar equals to 100 um.

Notes on Fiqure S12: In these experiments, the illumination spot was located on a non-transparent

electrical tape covering a part of Ni surface. Thus, there should not be any charge carrier generation
and photocurrent related to the reaction. However, we observed a significant amount of photocurrent
(0.5 pA), which, we believe, originates from light scattering in the electrolyte and the reflection on the
surface. This is referred to as background photocurrent. The background photocurrent was much lower
on bare Si, below 5 nA.
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Figure S13. Confocal images and illumination point grid of the measurements for Figure S3: (a) n-
Si/SiO,/Ni-hc with Kapton tape on SiO,; (b) n-Si/SiO,/Ni-fc half covered by Kapton tape at A1; and (c)
n-Si/SiOy half covered by Kapton tape at A1. The scale bar equals 100 um. The vertical dashed lines

were set as x = 0.
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Figure S14. (a) Photocurrent measured on n-Si/SiO,/Ni-hc under several sequential long local
illumination of the SiO, surface, at 50 um from the boundary, measured with 20 %AOTF. (b)
Photocurrent measured on n-Si/SiO,/Ni-hc under local illumination on SiO, and Ni surface at various

distances from the boundary, measured with 5 %AOTF.
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Figure S$15. CVs recorded at n-Si/SiO,/Ni-hc under local illumination on Ni and SiO, at various distances
from the boundary with %AOTF at (a)-(b) 20 and (c)-(d) 5. (e) CVs recorded at n-Si/SiO,/Ni-hc at

different scans under local illumination on SiOx with 20 %AOTF for each distance, displaying their

evolution and stabilization. Note that CV curves at 3 scan were chosen for the comparison plot in (b).

Scan rate = 100 mV s'. The dashed vertical line indicates the applied potential (1.5 V) where most

photocurrent measurements were performed.
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Figure S16. (a) Confocal microscopy images of the n-Si/SiO,/Ni-hc photoanode displaying the local
illumination points (green crosses mark the illumination points on SiOy surface and the white line
indicates the distance of the illumination point from the Ni boundary) on a photoanode at various
locations. (b) SEM images corresponding to the confocal images after a long local illumination (5
minutes) at each point. Light intensity of 20 %AOTF was used in these experiments. Approximate ROIls

positions are indicated by green squares in (b).
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Figure S17. Simulated light power profile as a function of semiconductor/Si depth. The approximate

depletion width (W) is shown as the yellow shaded area.

Notes on Figure S17: The light power profile is simulated based on the Beer-Lambert law equation as

follows:26

(2 = le™* (3)
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Where I(z) is the light intensity/power at a given semiconductor depth, I is the initial light intensity/power,

z is the semiconductor depth, and « is the absorption coefficient of Si (3.27x10% cm-' at 630 nm).?”
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Figure S18. Photocurrent-intensity plots with the value obtained on n-Si/SiO,/Ni-hc at 1.5 V under

various local illumination intensity on (a) Ni and (b: fresh surface, c: modified surface by local illumination
under applied bias) SiO, region.
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Figure S19. 2D Photocurrent maps of n-Si/SiO,/Ni-hc overlaid with the confocal image obtained under
(a) 20 %AOTF and (b) 5 %AOTF.
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Figure S20. Mott-Schottky plots of n-Si/SiO, and n-Si/SiO,/Ni-fc at various conditions measured in the
dark. The frequency and amplitude were set to 10 kHz and 10 mV, to obtain the C value, an equivalent

circuit comprising a capacitor in parallel with a resistance was used. The electrolyte was 2 M KBi.
Notes on Figure S20:

According to the Mott-Schottky equation:28

b2 (L k
cl=—"—|Bias - E, - —

£0€si9Np q (4)

where Ey, is the flat-band potential, k is Boltzmann’s constant (1.38x1022 m? kg s2 K'), and T is the
temperature (in K). Eg, can be obtained by subtracting kT/q from the x-intercept. Np is calculated from

the slope with the following equation:

2

Ny = ———
£0Egiq (slope) (5)

From the fitted curve, the values of the calculated Np are relatively similar for all samples and conditions
and give a resistivity of 1-2 Q-cm, which is in good agreement with the value reported by the wafer’s

manufacturer (1-10 Q-cm).

These measurements are aimed at qualitatively comparing the band bending of n-Si/SiOy relative to n-
Si/SiO,/Ni. A lower x-intercept indicates a higher built-in potential and, thus, larger space charge width
according to Eq. 4. From the Mott-Schottky plots, it can be observed that the x-intercept of n-Si/SiO, (in
all conditions) is lower than that of pristine n-Si/SiO,/Ni. This reveals that the bare Si region exhibits a
larger depletion layer width compared to the Ni-covered region. Nevertheless, we also found that the
pristine n-Si/SiOy curve shifted anodically, indicating a narrower space charge layer after the bare Si
surface was polarized at 2.0 V for a certain time. Similar results have been previously reported in the
literature,!" suggesting an evolution of the n-Si/SiO, junction under a continuous applied bias. We note
that the liquid phase might influence the band bending at n-Si/SiO,; however, as the electrolyte does
not contain a well-defined redox couple to fix its potential, the determination of an absolute value of flat-

band/built-in potential would be inaccurate. Conversely, for n-Si/SiO,/Ni, no changes were measured
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after polarization. Since the photocurrent mapping is normally carried out by applying a specific potential

for a long time (>1 h), we consider the difference in depletion width formed at n-Si/SiO, and n-Si/SiO,/Ni
to be insignificant.
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Figure S21. CVs recorded at n-Si/SiO,/Ni-fc and n-Si/SiO,/Ni-p® under 1-sun illumination in 2 M KBi.

Photocurrent /uA

Figure S22. Confocal image and photocurrent map of a Ni pattern on n-Si/SiO,/Ni-p100 obtained with
an applied potential of 1.0 V and 20 %AOTF. The scan step size was 2 um. The scale bar equals 20

pm.
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Camera Optical

Figure S23. Images of a Ni pattern on n-Si/SiO, after photocurrent mapping taken by a digital camera,

optical microscope, and confocal microscope.
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