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A.2 Self-Replication Results

(a) (b) (c)

Figure A.3: AFM phase images for a sample with (a) 0 nm and (b), (c) 1000 nm top epitaxial
silicon layer. (b) Sample with hexagonal implantation structure, (c) Sample with
5 × 5 mm implantation structure.

A.3 Experimental Setup

(a) (b)
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Figure A.4: (a) Photograph of experimental setup for LISE, consisting of a LED lamp, hot-
plate with sensor, blockheater, cuvette, sample holder and sample. (b) CAD
cross-section drawing of heaterblock with cuvette, sample holder and sample.
The hole at the left is used for inserting a temperature sensor, connected to the
hot plate.

The experimental setup for LISE experiments was successively varied in order to provide
increasing parameter control during the experiments. The final version, consisting of a
LED lamp, hotplate with sensor, blockheater, cuvette and sample holder is shown in
Figure A.4a. In this setup, a sample is placed inside the 3D-printed (PETG filament)
sample holder, which is then inserted into the cuvette filled with etchant. The cuvette
itself is placed inside a custom machined aluminium heaterblock, which allows for precise
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temperature control via a hotplate with temperature sensor, which can be inserted into
the block via a separate hole (see Figure A.4b). The front of the heater block is cut out,
allowing light from an LED lamp to reach the sample. Typically, ThorLabs mounted
LEDs were used, fixed to a height variable mounting foot. Overall, this setup allowed
for precise control and ideal repeatability of the experimental parameters.

A.4 Etchant Dependence

As described in the main text, different etchants lead to significantly differing resulting
structures. Very notable here was the variation in AFM-phase contrast on the resulting
structures. For NH4OH a strong contrast between the top surface of the columns and
the surrounding, etched areas is visible at all investigated concentrations, whereas in
TMAH-solutions this is only the case at concentrations below 2.5 wt%, at higher values,
the surfaces show only small differences. For KOH-solutions, at low concentrations a
difference is visible, which is inverted in the signal compared to the previous results,
possibly due to a different surface bond capping in this case. Figure A.5 collects AFM
phase images for the three different etchants.

(a) (b) (c)

Figure A.5: AFM phase images for samples etched in different etchants: (a) 0.5 wt% NH4OH,
(b) 2.5 wt% TMAH, (c) 0.5 wt% KOH. All samples were etched at 50 °C with
730 nm LED illumination.

A.5 Ratio of Absorbed Photons to Etched Silicon Atoms

The previous experiments, investigating the origin of the selective etching, support the
proposed mechanism strongly. A proposed alternative to this mechanism envisions not
only the protective effect of the generated carriers but also an increase in etch speed in
the areas surrounding the buried implants, due to diffusing holes, oxidizing the silicon
atoms. Although a number of previous experiments do not show any evidence for this
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kind of etch speed enhancement, calculations of the ratio of generated carriers to etched
silicon atoms can further the understanding of the processes taking place during the
illumination and etching. In order to calculate this ratio, several parameters need to
be measured and taken into account. First, the light power of the illumination source
and photon flux can be obtained as shown in section 3.4.6.3. Different here is the active
surface area though, as these experiments are executed on samples with structured
p-implant, i. e. with hexagonal implant pattern. This means, that only these areas
are possible photoactive with regard to the proposed mechanism. Accordingly, only
the photons incident on these areas are taken into account. As before, reflection and
absorption is taken into account as well. Particularly, the absorption until 800 nm is
calculated, as this represents the extent of the pn-junction on samples with 500 nm
top epitaxial layer. It is also necessary to measure the active etching time and with
it calculate the total number of incident photons during the actual etch time. After
completion of the etching step, the sample needs to be investigated with AFM in order
to measure the mean etch depth and size of the remaining unetched columns. With
this, the etched volume of Si and subsequently the number of etched silicon atoms can
be calculated.

Experimental Properties The samples used for these investigations have a surface
area of 200 mm2 (20 × 10 mm). As parts of the samples were obstructed by the sample
holder it is necessary to substract the blocked area to obtain the active area Aa during
the experiments. The blocked area can be measured as 6.4 mm2, making the active
area 193.6 mm2 or 1.936 · 10−4 m2. To calculate the area with underlying p-implants the
numbers of implants (nG, nA) per sample and their respective areas per implant (Gate:
3.14 µm2, Array: 12.57 µm2) are used. This yields the new active area for this case,
called Aa,Imp.

Silicon Properties In order to calculate the number of silicon atoms during the etching,
it is firstly necessary to determine the atomic number density of silicon atoms per volume
unit. As silicon is a crystalline material this can be achieved using the crystallographic
properties of the unit cell. As silicon crystallises in the diamond structure, each unit
cell contains 8 Si-atoms with a lattice spacing a0 of 0.543 nm. With this, the number
density can be calculated as:

nSi = Nuc

Vuc

= 8
a3

0
= 8

0.1602 nm3 = 49.937 nm−3 (A.1)
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Sample Etch Properties Next, the etched volume of each sample needs to be deter-
mined, which can be calculated as the product of etch depth and etched sample area.
Etch depth can be directly taken from AFM measurements as the height of the unetched
columns, as illustrated in Figure A.6. The etched area can be calculated as the difference

(a)
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Figure A.6: (a) AFM image of a sample used for quantum yield estimations (b) Height profile
of the marked region with measured value de.

of the active area and the sum of the areas of all columns. This sum can be obtained
from the number of implants per sample (Gate: nG≈440 000, Array: nA≈780 000) and
the measured areas, taken again from AFM measurements.

Ve = deAe = de(Aa − (nGAG + nAAA)) (A.2)

Together with the previously determined atomic number density of silicon nSi it is now
possible to calculate the number of etched atoms NSi simply as the sum:

NSi = VenSi (A.3)

Results Finally, the obtained values for incident photons and etched silicon atoms can
be set in relation to one another, as shown in Table A.1. These results show, that for
every etched silicon atom only around 0.25 photons were absorbed on the sample surface
(see Figure A.7). If carrier generation outside of the areas with underlying implants is
not taken into account, these results imply that much less than one photon is absorbed
per etched silicon atom. As four holes are needed to oxidise the four binding electrons
of each silicon atom, this result leads to the conclusion that only around 6 % of the
observed etching could potentially be attributed to photoetching due to charge carrier
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Figure A.7: Dependency of ratio of absorbed photons in areas with underlying p-implants
to etched silicon atoms from etch time. Error bars are based on the deviation
in measured etch depth.

generation at the pn-junction of the buried implants. Therefore, it can be concluded,
that the charge carrier generation in the pn-junctions does not significantly contribute
to etching silicon atoms directly. Instead, the generated charge carriers, specifically
electrons, protect the areas immediately above the buried implants from etching, thus
leading to a selective etching effect.

Table A.1: Table of data obtained from quantum yield measurements

Sample Time ta Photons Nq,I,800 Si-atoms NSi Ratio Nq,I,800 : NSi

s ·1017 ·1018

CSW106-02-2 50 3.861 1.452 0.266
CSW106-02-3 60 4.632 1.868 0.248
CSW106-02-5 50 3.861 1.534 0.252
CSW107-02-1 50 3.861 1.098 0.352
CSW107-02-2 55 4.247 1.618 0.262
CSW107-02-3 75 5.791 2.056 0.282
CSW107-02-4a 35 2.702 0.945 0.286
a Evaluated from step height around columns, due to low etch progress
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List of Abbreviations and Symbols

RDS(on) On-Resistance

AFM Atomic Force Microscopy
APTES (3-Aminopropyl)triethoxysilane
ARGET Activators Regenerated by Elec-

tron Transfer
ATRP Atom Transfer Radical Polymeri-

sation

BiBB α-Bromoisobutyryl bromide
BOE Buffered Oxide Etch

CMOS Complementary Metal-Oxide
Semiconductor

DNQ Diazanaphthoquinone
DUV Deep Ultra Violet

EDX Energy-dispersive X-ray spec-
troscopy

EUV Extreme Ultra Violet

HNA Hydrofluoric nitric acetic

IC Integrated Circuit

KPFM Kelvin Probe Force Microscopy

LED Light Emitting Diode
LIDAR Light Detection and Ranging
LISE Light Induced Selective Etching

MEMS Micro-Electro-Mechanical Sys-
tems

MMA Methyl methacrylate
MOEMS Micro-Opto-Electro-Mechanical

Systems
MOS Metal-Oxide-Semiconductor

PS Polystyrene

RCA Radio Corporation of America
RIE Reactive Ion Etching
RMS Root mean squared roughness

SAM Self-Assembled Monolayer
SEM Scanning Electron Microscopy
SMM Scanning Microwave Microscopy
SSRM Scannning Spreading Resistance

Microscopy

TBAFP Tetrabutylammonium hexafluo-
rophosphate

TEM Transmission Electron Mi-
croscopy

TMAH Tetramethylammonium hydrox-
ide

TMSPP N-[3-(Trimethoxysilyl)propyl]pyrrole
ToF-SIMS Time of Flight-Secondary Ion

Mass Spectroscopy

VLSI Very Large Scale Integration
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