
BLACK SILICON PHOTOVOLTAICS

Is black silicon a good material for photovoltaics?

Black silicon would also appear to be an ideal material for photovoltaicsdue to its outstanding light

management properties under the solar spectrum. In addition to boosting efficiency,b-Si can provide

significant savings in manufacturing costs as there is no need to deposit a separate antireflection coating.

Can black silicon be used in solar cells?

This might lead to both an increase in efficiency and a reduction in the manufacturing costs of solar cells.

However, all previous attempts to integrate black silicon into solar cells have resulted in cell efficiencies well

below 20% due to the increased charge carrier recombination at the nanostructured surface.

Can black silicon reduce front-surface reflection in photovoltaic devices?

The nanostructuring of silicon surfaces--known as black silicon--is a promising approachto eliminate

front-surface reflection in photovoltaic devices without the need for a conventional antireflection coating. This

might lead to both an increase in efficiency and a reduction in the manufacturing costs of solar cells.

Are black silicon solar cells better than conventional solar cells?

Black silicon solar cells achieve efficiencies higher than conventional cells. The main challenge is to minimize

recombination due to increased surface area. Experimental data are available for certain configurations but

need improvement. Combined optical-electron-hole-phonon transport models are underdeveloped.

Are black silicon solar cells recombinated?

Fabricated black silicon surfaces can achieve reflectance less than 5% in the visible light spectrum. Black

silicon solar cells achieve efficiencies higher than conventional cells. The main challenge is to minimize

recombination due to increased surface area. Experimental data are available for certain configurations but

need improvement.

What is the power conversion efficiency of black silicon back-contacted solar cells?

A power conversion efficiency of 22%is achieved in black silicon back-contacted solar cells through

passivation of the nanostructured surface by a conformal alumina layer.
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Given the growing demand of renewable energy in

last decade, silicon (Si)-based photovoltaic (PV)

devices, a sustainable and clean approach that

enabled to convert light into electricity have 

The nanostructuring of silicon surfaces???known as

black silicon???is a promising approach to eliminate

front-surface reflection in photovoltaic devices

without the need for a ???

Black silicon-based solar cells have been fabricated

by plasma immersion ion implantation (PIII)

processes under various conditions [23], [66].

Photograph of a black silicon-based solar cell with a

reflectance of 1.79% by the PIII method is shown in

Fig. 22 [23]. The black silicon-based solar cell had

an efficiency of 15.68% with a fill factor 
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This article presents an overview of the fabrication

methods of black silicon, their resulting

morphologies, and a quantitative comparison of

their optoelectronic properties. To perform this

quantitative comparison, different groups working on

black silicon solar cells have cooperated for this

study. The optical absorption and the minority

carrier lifetime are used as benchmark ???

Black silicon (b-Si)-assisted photovoltaic cells have

textured b-Si surfaces, which have excellent

light-trapping properties. There has been a limited

amount of work performed on the theoretical

modelling of b-Si photovoltaic cells, and hence, in

this work, a coupled optical-electrical-thermal model

has been proposed for the simulation of b-Si

photovoltaic cells.

In our experiments, we fabricated b-Si layers on the

frontal surfaces of Si wafers using the RIE method

with an SF 6 /O 2 gas mixture within the modified

"Plasma-150" RIE chamber [7,8,9,10].The RIE

chamber comprises two parallel plate electrodes,

with the Si wafer positioned on the bottom electrode

(Fig. 2.3).An electric field is applied across these

two ???
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In this work, textured black silicon photovoltaic

devices are fabricated with

Bi6Fe1.6Co0.2Ni0.2Ti3O18/Bi2FeCrO6

(BFCNT/BFCO) multiferroic heterojunction as an

absorber and graphene as an anode.

Otto M, Algasinger M, Gesemann B, Gimpel T,

F?chsel K, K?sebier T et al. Black Silicon

Photovoltaics. Advanced Optical Materials .

2015;3(2):147-164. doi: 10.1002/adom.201400395

???

In this study, a simulation study was conducted to

study the performance of a black silicon photovoltaic

cell in thermophotovoltaic applications. The

photovoltaic cell was paired with two emitters made

of different materials: a 1735 K Yb 2 O 3 emitter,

and a 1500 K Ta PhC emitter.
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Electrical Properties Black silicon solar cells

generally show low power conversion efficiencies.

The highest efficiencies observed are 18.2% by Oh

et al. [46] and 18.7% by P. Repo et al. [47] Many

solar cells with different efficiencies and

characteristics, fabricated by a variety of methods

are listed in the Table 2. Table 2.

The history of Si photovoltaics is summarized in Box

1.Over the past decade, an absolute average

efficiency improvement of 0.3???0.4% per year has

taken place, for both monocrystalline and multi 

The resulting black silicon (b-Si) PV cells fabricated

through this process typically have ultra-low

reflectance of <1.8%, V oc of ?? 1/4 540 mV, and J

sc of ?? 1/4 24 mA x cm ???2. In-situ plasma

diagnostics were also performed to enable a truly

deterministic method for obtaining optimal material

properties based on plasma parameters instead of 
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Summary The name "black silicon" refers to all

randomly structured silicon interfaces with lateral

feature sizes in the submicron range and aspect

ratios  Black Silicon Photovoltaics. Kevin F?chsel,

Kevin F?chsel. Friedrich-Schiller-Universit?t Jena,

Institute of Condensed Matter, Theory and Solid

State Optics, Abbe Center of Photonics 

1 Introduction. Interdigitated back contacted (IBC)

crystalline Silicon solar cells allow excellent

photovoltaic conversion efficiencies 1-3, in

particular, a new world record efficiency of 25.6% in

large area n-type device has been recently obtained

4 IBC cells, both base and emitter regions with their

corresponding electrodes are alternated in a

strip-like fashion at the ???

Black silicon has the potential to become the

primary material for creating high-efficiency solar

cells and could raise the overall efficiency of solar

cells by 1%. Beyond black silicon, scientists are

developing many other methods to work around the

fundamental limitations of current solar cell

technology.
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Several aspects of black Si have been investigated

such as influence of black Si layer thickness, aspect

ratio of nanostructures, their distribution density, etc.

including a few on large area (e.g. 125 mm x 125

mm or 156 mm x 156 mm) black silicon based solar

cells with prime objective to produce efficient black

Si solar cells [73, 224???233].

Silicon nanowire and nanopore arrays promise to

reduce manufacturing costs and increase the power

conversion efficiency of photovoltaic devices. So far,

however, photovoltaic cells based on 

Black silicon (b-Si)-assisted photovoltaic cells have

textured b-Si surfaces, which have excellent

light-trapping properties. There has been a limited

amount of work performed on the theoretical 
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The rougher the surface, the more light it can

absorb, making rough black silicon ideal for solar

cells. Smooth silicon, in contrast, is an ideal surface

for creating the atomic-scale patterns 

How black silicon, a prized material used in solar

cells, gets its dark, rough edge January 9 2024, by

Rachel Kremen Fluorine gas etches the surface of

silicon into a series of angular peaks that,

To perform this quantitative comparison, different

groups working on black silicon solar cells have

cooperated for this study. The optical absorption

and the minority carrier lifetime are used as

benchmark parameters. The differences in the

fabrication processes plasma etching, chemical

etching, or laser processing are discussed and

compared 
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The rougher the surface, the more light it can

absorb, making rough black silicon ideal for solar

cells. Smooth silicon, in contrast, is an ideal surface

for creating the atomic-scale patterns necessary for

computer chips. "If you want to etch silicon while

leaving a smooth surface, you should use another

reactant than fluorine.

Black Silicon fabricated by Inductively Coupled

Plasma Reactive Ion Etching is presented as

light-trapping structure for silicon-based

photovoltaics. Its fabrication and optical properties

(vanishing interface reflectance and increased NIR

absorptance) is discussed.

So far, laser processed Black Silicon solar cells only

reached 2.2 % efficiency [16]. Figure 5(b) presents

our Black Silicon solar cell together with a

magnification of the silicon surface and the

deposited metal contact. Currently we texture

1cm?? in approximately 6 minutes. By using a laser

with more output power, the beam can be expanded
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The rougher the surface, the more light it can

absorb, making rough black silicon ideal for solar

cells. Smooth silicon, in contrast, is an ideal surface

for creating the atomic-scale patterns necessary for

computer chips. "If you want to etch silicon while

leaving a smooth surface, you should use another

reactant than fluorine.

Optical loss is still a tough problem in photovoltaic; it

considerably restrains the conversion efficiency of

tunnel oxide passivated contact (TOPCon) solar

cells. Black silicon is widely used to enhance light

absorption by its light-trapping structure.

Paradoxically, the structure simultaneously brings

severe carrier recombination and rarely increases

efficiency. In our ???

of Black Silicon Photovoltaic Cells in

Thermophotovoltaic Applications Jasman Y. H.

Chai, Basil T. Wong, and Saulius Juodkazis

Abstract Silicon photovoltaic cells have been widely

used in harvesting solar energy, and research

efforts have driven signi???cant improvements in

???

(C) 2025 Solar Energy Resources 10 / 10 Web: https://www.gebroedersducaat.nl


