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TANDEM SOLAR CELLS 

Mix and match light absorbers 
Perovskite and organic semiconductors can be combined to make tandem solar cells but, to date, their efciency 
has hovered around 20%. Now, researchers demonstrate a 23.6% tandem by reducing interfacial defects to 
improve the perovskite cell’s voltage and developing an ultrathin interconnection layer. 
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Multijunction solar cells comprise 
two or more photovoltaic (PV) 
materials that harvest different 

portions of the solar spectrum. In doing 
so, they can deliver more power than 
single-junction solar cells but are also more 
complicated to manufacture1. To compete 
economically with single-junction silicon 
technology, which makes up >95% of today’s 
commercial PV products, multijunction 
solar cells based on semiconductor families 
such as hybrid organic-inorganic halide 
perovskites or polymers have attracted 
researchers’ attention. These materials can be 
solution deposited using low-cost equipment 
and perform with high efficiency even with 
a high density of crystalline defects. Yet, 
perovskite/organic multijunction solar cells 
are still in their infancy and efficiencies 
hover around 20% (ref. 2). Besides finding 
the optimal bandgap combination of the two 
semiconductors, minimising voltage losses 
in the wide-gap perovskite sub-cell is key to 
enable further improvements. 

Now, writing in Nature Energy, Zhubing 
He, Aleksandra Djurišić, Yi Hou and 

a 

collaborators report a treatment to neutralise 
interfacial defects and boost the open-circuit 
voltage of the perovskite sub-cell to 1.26 V. 
This allows the team to demonstrate 
an organic/perovskite two-junction 
(or tandem) solar cell with an improved 
efficiency of 23.6% (ref. 3). 

Perovskite solar cells deliver impressive 
voltages for absorber bandgaps ranging from 
1.3 to 1.7 eV that are close to the theoretical 
maximum voltage for each given bandgap. 
However, perovskites with wider bandgaps, 
like those used in multijunction solar 
cells, typically have larger voltage losses4. 
Addressing this issue, Hou and colleagues 
find that the defective interface between 
the hole transport layer and the perovskite 
light absorber can limit the voltage of 
the perovskite cell. To remedy this, the 
researchers treat the nickel oxide (NiOx) hole 
transporting layer with benzylphosphonic 
acid (BPA, Fig. 1a). The acid headgroup of 
benzylphosphonic acid binds strongly to the 
NiOx, and this buffer layer may passivate 
defects or remove interfacial recombination, 
leading to an improvement of 70–80 mV in 

b 

the open circuit voltage compared to devices 
without this treatment. This potentially 
opens the door to combining oxide hole 
transport materials, such as NiOx, with 
self-assembled monolayer hole transport 
layers which suppress interfacial back 
transfer and utilize dipole-assisted 
carrier extraction. 

Hou and colleagues highlight the 
importance of contact layers and interfaces 
when different families of materials are 
used together. Such materials include 
organic semiconductors, metal oxides, 
self-assembled monolayers, and hybrid 
organic–inorganic halide perovskites. 
The researchers increase the solar cell 
performance of their organic/perovskite 
tandem by thinning the indium zinc oxide 
connection layer between the subcells 
(called the carrier recombination layer 
or CRL). This is apparently in contrast to 
common wisdom: a thinner layer would 
have higher overall resistance. Yet, the 
researchers found that such an increase in 
the resistance is counterbalanced by gains in 
other parameters in their 4-nm thick layer. 

Fig. 1 | The organic/perovskite tandem design. a, Cartoon depiction of BPA treatment between the NiOx (represented in grey) and the perovskite structure 
(PbX4˜, Cs+ and FA+). Defects are illustrated as blue circles on the NiOx layer. Reducing the defect density at the hole transport material/perovskite interface 
leads to improved performance of the perovskite subcell which is translated into a higher tandem efficiency. b, Schematic of a two terminal thin film tandem 
module processed by laser scribing. One individual cell is indicated in an expanded cross section view on the left and the full module is shown on the right. 
The area circled in white shows where possible short can occur, e.g. between the CRL and metal. Panel a is reproduced with permission from ref. 3, 
Springer Nature Ltd. 
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The ultrathin layer reduces lateral transport, 
it allows the series-connected subcell 
voltages to add together without much loss 
and it enables more light to reach the bottom 
cell than thicker oxides. 

Moving beyond tandem cells to tandem 
modules is the next frontier for the 
development of high-efficiency PV. It will 
be fascinating to see how PV technologies 
based on thin films like that reported 
by Hou and colleagues will be scaled up 
from small cells to modules. Thin-film 
technologies have a different form factor 
from today’s commercially available tandem 
cells that are based on III-V semiconductors, 
and they need a different module design. 
III-V, as well as silicon, technologies are 
based on wafers, meaning only one cell 
on each wafer. Their modules are made 
by connecting individual wafers through 
external wires. Thin-film technologies, 
instead, use one large pane of glass where 
many cells — the ~1 cm wide stripes in 
Fig. 1b — are created and connected in 
series by laser scribing5. 

While the manufacturing of tandem 
modules based on III-V and silicon is 
simplified because of the wafer design, that 
of thin-film tandem modules have not yet 
been demonstrated over large areas with 
scribed absorbers. This module design 
comes with challenges. For instance, short 

circuiting one subcell in the tandem may 
arise with the introduction of a metal via 
that connects the top of one stripe to bottom 
contact of the adjacent cell (necessary for 
combining the cells in series) (see Fig. 1b). 
To overcome such challenge, the thinner 
and less conductive interconnection layer 
used by Hou and colleagues could be 
beneficial for reducing this short circuit 
possibility. Alternatively, connecting the 
subcells in parallel or using three- or 
four-terminal connections6,7 would also 
avoid subcell shorting. 

Integrating different photovoltaic 
materials into a device stack introduces 
new processing compatibilities and 
reliability concerns which all need to 
be experimentally investigated. For 
example, solution-processed layers may 
use solvents that interact with previously 
deposited layers, or different materials 
may have incompatible thermal annealing 
requirements. Packaging must be chosen 
that is compatible with all of the active 
materials. Modules must also be fabricated 
in a way that the tandem cost remains 
competitive with the cost of the constituent 
subcells8. To solve these challenges, research 
on perovskite/organic and, more generally, 
hybrid tandems requires open scientific 
discourse between experts in different PV 
material systems and module level reliability. 

Nevertheless, the first key step is to 
achieve high efficiency tandem devices at 
the lab scale to demonstrate the potential 
of thin-film PV multijunctions. In that 
sense, Hou and colleagues have provided 
a compelling example of how perovskite/ 
organic tandems could achieve high 
efficiency. Promisingly, their approaches 
could potentially enable performance gain in 
other thin-film devices. ❐ 
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	Fig. 1 The organic/perovskite tandem design.




