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Tandem Solar Cells Set New Standards for Efficiency
Researchers at ETH Lausanne (EPFL) and EMPA are on the verge of pushing
back the limits of conventional solar technology. They are relying on so-called
tandem cells, consisting of two solar cells stacked on top of each other, which
use sunlight more efficiently.

Before becoming an ideal addition to any roof, the tandem solar cell developed by Swiss researchers must offer better
weather resistance. 
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Bandgap
In solid-state physics, the bandgap is an energy range that cannot be occupied by
electrons. The bandgap is a material characteristic of the semiconductors used for
solar cells.

Producing enough solar power for the energy transition is a challenge, especially in a small
country such as Switzerland. More efficient solar cells, meaning cells that can convert a
greater proportion of incident sunlight into electricity, could make a decisive contribution to
this transition. It pays to invest in efficiency: prices for solar cells have fallen steadily over the
past few years and now account for only a small part of the costs of a photovoltaic system. A
gain in efficiency also translates into a gain in electricity yield despite identical or only slightly
higher costs. Against this background, researchers at EPFL and EMPA are jointly developing
the next generation of solar cells. In doing so, they hope to contribute to the continuation of
the strong upward trend in the efficiency of solar cells.

To achieve this objective, the scientists decided not only to improve existing technology, but
also to innovate. Due to the incomplete use of high-energy photons, the efficiency of
conventional solar cells is close to the theoretical limit and can only be slightly increased.
The amount of electricity these cells harvest from a single photon is fixed. It is equal to the
energy a photon requires to overcome the so-called bandgap. Materials with a small
bandgap make use of a large portion of the light spectrum, but the excess energy of high-
energy photons in the yellow to ultraviolet spectral range is lost. Materials with a wide
bandgap have a better yield in this range, but the photons in the red and infrared range are
too weak to overcome the bandgap and thus do not yield electricity.

At a glance
Solar cells combining two active layers make better use of light than conventional single-
layer cells. As a result, such tandem cells yield more electricity per unit area.
Swiss researchers combine technically optimized silicon and thin-film cells with the latest
perovskite technology to achieve record-high efficiencies.
The efficiency gain of tandem cells promises lower prices and a higher potential for solar
power in Switzerland.
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Rethinking the solar cell
According to the scientists, the way out of this dilemma lies in the tandem cell which has two
active layers: the first layer, presenting a wide bandgap, absorbs the energy-rich part of the
light spectrum while allowing red and lower infrared light to pass through. This residual light
is harvested by the second, lower-lying layer thanks to its narrow bandgap. This tandem
strategy achieves an efficiency of approximately 30 %, which is significantly higher than the
maximum efficiency of about 25 % reached by the single-layer cells currently on the market.

The investigators chose the best representatives of today's photovoltaic generation as the
building blocks for their new tandem cell: both the leading silicon cell and the copper indium
gallium selenide (chalcogenide) thin-film cell are suitable as the base layer. Both cell types
have a narrow bandgap and are therefore inefficient in the high-energy range of the light
spectrum. For the second layer of the tandem cell, the researchers chose perovskite, a
material that has become very popular in recent years. It is inexpensive, easy to process
and can efficiently convert high-energy photons thanks to a variable bandgap.

Difficult alliance
The elements of the envisioned tandem are already available on the market, albeit as
single-layer cells. In order to assemble these, the researchers were forced to make a
number of adjustments, but strove to avoid modifying existing industrial production steps, as
such process changes easily lead to additional costs.

This approach gave rise to a particular problem: the perovskite cell, i.e. the upper layer of
the tandem, must be permeable for a certain range of the light spectrum, which is why the
electrode cannot consist of the usual gold coating. EMPA researchers therefore developed
materials from metal oxides that are both electrically conductive and transparent, and that
allow more than 80 percent of the light in the long-wave range to pass through.

Likewise, the solar cell of the lower layer had to be adapted in order to achieve a high
degree of efficiency. To improve the yield in the near-infrared range, for example, EMPA
researchers modified the bandgap of the thin-film solar cells.
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As a result of an innovative process developed in the EPFL laboratories, the perovskite cell
covers the pyramid landscape of the silicon surface like an uninterrupted layer of snow.

Records set by Swiss technology incubators
This tandem, consisting of an optimized thin-film solar cell as the lower layer and a separate
perovskite cell placed on top of it, has proven that tandem cells achieve higher efficiencies
than conventional single-layer cells. With an efficiency of 22.7 %, the tandem cell is 3.2
percentage points more efficient than either of the two single cells.

Researchers at EPFL are following a slightly different path. Their silicon-perovskite tandem
is monolithic, i.e. manufactured in one piece. This process is more economical and reduces
the loss of usable light. However, production is complex and the coupling of the two cells is a
challenge: To start with, the manufacturing processes of the upper and lower layers must be
compatible. In order to avoid excessively high processing temperatures, for example, the
researchers are replacing the titanium oxide coating commonly used in perovskite cells with
a tin oxide coating. This newly developed coating process works at low temperatures and
optimizes the efficiency of the cell.

The fact that industrially produced silicon cells have an etched surface structure consisting
of small pyramids caused the scientists quite a headache. The pyramids absorb light more
efficiently than a smooth surface, but they are many times larger than the thickness of the
entire perovskite cell and cannot be uniformly coated using conventional methods. Instead of
simply smoothing the surface, which lessens the optical properties, the researchers invented
a new process for applying the perovskite layer. Their perovskite-silicon tandem cell
achieves an efficiency of 25.2 % and is the first of its kind worldwide to break the 25 %
barrier. During industrial development, the efficiency was even increased to 28 %.

Increasing solar energy production through technology
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This success illustrates the great potential of tandem solar cells. Large-scale usage of such
highly efficient solar cells would reduce both space requirements and, thanks to low
manufacturing costs, the cost of solar power per kilowatt hour. However, to achieve this,
tandem cells must be just as durable as established single-layer solar cells. This has not yet
been accomplished, as the perovskite cell is much less sturdy than the technically mature
silicon and thin-film cells. The researchers are now seeking to improve the durability of the
perovskite cell, not only because of its excellent technical prospects, but also to strengthen
Switzerland's leading position worldwide in the field of tandem solar cells.
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 Tailored lead iodide growth for
efficient flexible perovskite solar
cells and thin-film tandem devices 
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 Tuning the Optoelectronic Properties
of ZnO:Al by Addition of Silica for
Light Trapping in High-Efficiency
Crystalline Si Solar Cells, in
Advanced Materials Interfaces 
Date of publication: 25.09.19

 Controlled growth of PbI2
nanoplates for rapid preparation of
CH3NH3PbI3 in planar perovskite
solar cells 
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perovskite CH3NH3PbI3:
characterization and the
corresponding solar cell efficiency 
Date of publication: 25.09.19

 Highly efficient planar perovskite
solar cells through band alignment
engineering 
Date of publication: 25.09.19

 Enhanced electronic properties in
mesoporous TiO2 via lithium doping
for high-efficiency perovskite solar
cells 
Date of publication: 25.09.19

 Entropic stabilization of mixed A-
cation ABX3 metal halide
perovskites for high performance
perovskite solar cells, in Energy
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 Perovskite Photovoltaics with
Outstanding Performance Produced
by Chemical Conversion of Bilayer
Mesostructured Lead Halide/TiO2
Films 
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 Room-Temperature Formation of
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Perovskites for Efficient, Low-Cost
Solar Cells 
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 Isomer-Pure Bis-PCBM-Assisted
Crystal Engineering of Perovskite
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transport materials for efficient and
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for efficient and stable perovskite
solar cells 
Date of publication: 25.09.19

 Incorporation of rubidium cations
into perovskite solar cells improves
photovoltaic performance 
Date of publication: 25.09.19

 Polymer-templated nucleation and
crystal growth of perovskite films for
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Date of publication: 25.09.19

 Dopant-Free Donor (D)-π-D-π-D
Conjugated Hole-Transport
Materials for Efficient and Stable
Perovskite Solar Cells 
Date of publication: 25.09.19

 A Novel Dopant- Free
Triphenylamine Based Molecular
“Butterfly” Hole-Transport Material
for Highly Efficient and Stable
Perovskite Solar Cells 
Date of publication: 25.09.19
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 Boosting the Efficiency of Perovskite
Solar Cells with CsBr-Modified
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Date of publication: 25.09.19

 Effect of Cs-Incorporated NiO x on
the Performance of Perovskite Solar
Cells 
Date of publication: 25.09.19

 Novel p-dopant toward highly
efficient and stable perovskite solar
cells 
Date of publication: 25.09.19

 Additives, Hole Transporting
Materials and Spectroscopic
Methods to Characterize the
Properties of Perovskite Films 
Date of publication: 25.09.19

 Over 20 % PCE perovskite solar
cells with superior stability achieved
by novel and low-cost hole-
transporting materials 
Date of publication: 25.09.19

 High-efficiency inverted semi-
transparent planar perovskite solar
cells in substrate configuration 
Date of publication: 25.09.19

 Progress in thin film CIGS
photovoltaics - Research and
development, manufacturing, and
applications 
Date of publication: 25.09.19

 Flexible NIR-transparent perovskite
solar cells for all-thin-film tandem
photovoltaic devices 
Date of publication: 25.09.19

 Compositionally Graded Absorber
for Efficient and Stable Near-
Infrared-Transparent Perovskite
Solar Cells 
Date of publication: 25.09.19

 A vacuum flash-assisted solution
process for high-efficiency large-
area perovskite solar cells 
Date of publication: 25.09.19

 Cesium-containing triple cation
perovskite solar cells: improved
stability, reproducibility and high
efficiency 
Date of publication: 25.09.19

 Highly efficient and stable planar
perovskite solar cells by solution-
processed tin oxide 
Date of publication: 25.09.19

 Enhanced Efficiency and Stability of
Perovskite Solar Cells Through Nd-
Doping of Mesostructured TiO 2 
Date of publication: 25.09.19

 Ionic Liquid Control Crystal Growth
to Enhance Planar Perovskite Solar
Cells Efficiency 
Date of publication: 25.09.19

 Not All That Glitters Is Gold: Metal-
Migration-Induced Degradation in
Perovskite Solar Cells 
Date of publication: 25.09.19

 Perovskite/Perovskite/Silicon
Monolithic Triple-Junction Solar
Cells with a Fully Textured Design 
Date of publication: 25.09.19

 Improved Optics in Monolithic
Perovskite/Silicon Tandem Solar
Cells with a Nanocrystalline Silicon
Recombination Junction 
Date of publication: 25.09.19

 Complex Refractive Indices of
Cesium–Formamidinium-Based
Mixed-Halide Perovskites with
Optical Band Gaps from 1.5 to 1.8
eV 
Date of publication: 25.09.19

 Perovskite/Silicon Tandem Solar
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 Efficient luminescent solar cells
based on tailored mixed-cation
perovskites 
Date of publication: 25.09.19

 High-Efficiency Perovskite Solar
Cells Employing a S,N -
Heteropentacene-based D-A Hole-
Transport Material 
Date of publication: 25.09.19

 High-Efficiency Polycrystalline Thin
Film Tandem Solar Cells 
Date of publication: 25.09.19

 Efficient Monolithic
Perovskite/Silicon Tandem Solar
Cell With Cell Area> 1 cm2 
Date of publication: 25.09.19

 Low-temperature-processed efficient
semi-transparent planar perovskite
solar cells for bifacial and tandem
applications 
Date of publication: 25.09.19

 The effect of illumination on the
formation of metal halide perovskite
films 
Date of publication: 25.09.19

Cells: Marriage of Convenience or
True Love Story? - An Overview 
Date of publication: 25.09.19

 Fully textured monolithic
perovskite/silicon tandem solar cells
with 25.2 % power conversion
efficiency 
Date of publication: 25.09.19

 Single-graded CIGS with narrow
bandgap for tandem solar cells 
Date of publication: 25.09.19

 Impact of interlayer application on
band bending for improved electron
extraction for efficient flexible
perovskite mini-modules 
Date of publication: 25.09.19

 Higher efficiency thanks to
perovskite magic crystal: Tandem
solar cells are simply better 
Date of publication: 25.09.19
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