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SILICON PHOTOVOLTAICS

Fired up for passivated contacts
Passivating contact technologies have enabled new record efficiencies in crystalline silicon photovoltaics, but they 
are still far from implementation into mainstream manufacturing. Now, a passivation approach has been shown 
that exploits the quick firing step currently employed in industrial fabrication by rethinking material design.
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The higher the efficiency of a solar cell 
the lower the recombination losses 
for the electron–hole pairs between 

their photogeneration in the bulk material 
and their collection at the metal contacts. 
Among various materials, crystalline silicon 
shows relatively low recombination losses 
thanks to its high purity and low content of 
defects. It has therefore become the elective 
choice of solar cell material with 90% market 
share and power conversion efficiencies 
(PCEs) of 21%–22% in commercial modules. 
With the ongoing improvements in this type 
of cell, a main source for recombination loss 
will soon be at the metal contacts (Fig. 1a).  
Thus, researching and engineering such 
contacts is one of the most prolific research 
topics in silicon photovoltaics. Currently, 
one of the most promising approaches 
consists of depositing a very thin silicon 
oxide layer on the silicon wafer, followed by 
a doped silicon layer on top, which is then 
contacted with the metal (Fig. 1b). In this 
way, the silicon oxide layer prevents charge 
recombination at the metal contacts without 
introducing further recombination channels 
as its defects are saturated with hydrogen. 
Surfaces and interfaces with relatively few 
defects are called ‘passivated’, and hence such 
re-designed contacts are called ‘passivated 
contacts’. This approach enables higher 
device efficiencies but relies on expensive 
fabrication methods that are mostly 
borrowed from the integrated circuit or 
organic electronics industry. For instance, a 
cell with 25.8% PCE has been demonstrated 
using n-type (electron-conducting) silicon 
wafers1 while an impressive 26.1% PCE 
has been reported using p-type (hole-
conducting) silicon2, but passivated contact 
processes for both use prolonged annealing 
at high temperatures (Fig. 1c). Now, writing 
in Nature Energy, Andrea Ingenito and 
colleagues from EPFL, Switzerland, report 
a passivation method that allows them to 
manufacture such doped silicon layers with 
quick and cheap processing steps that are 
already part of the industrial production 
line3. They demonstrate a prototype cell 
with efficiency of 21.9%. This opens up a 

research direction that may accelerate the 
implementation of passivated contacts into 
mainstream manufacturing.

Ingenito and co-workers fabricate 
passivated contacts by exploiting a quick 
(2–3 seconds) and high-temperature 
(nearly 800 °C) annealing step called ‘firing’, 
thus avoiding prolonged annealing and 
extra steps introduced by other passivated 
contact approaches. Firing is currently 
used in the fabrication of industrial silicon 
solar cells for improving front and rear 
metal contacts, materials interfaces and 
bulk properties. Thus, exploiting the firing 

step to integrate contact passivation is a 
straightforward strategy to implement such 
layer treatment into mainstream production. 
The researchers’ approach, termed fired 
passivating contact (FPC), is based on adding 
a small fraction of carbon to the silicon top 
layer, forming SiCx (see Fig. 1d). Typically, 
during firing, the silicon layer on top of 
the oxide blisters off because hydrogen 
contained in the layer is released as gas 
bubbles. Adding the carbon strengthens 
the hydrogen bonding and so helps prevent 
the blistering. Additionally, the partial 
crystallization of SiCx occurring during 

Conventional metal contact Passivating contacts

Poly-Si passivating contacts

SiOx

Poly-Si (p)

c-Si(p)

a

c d

b

Fired passivating contacts

SiOx

nc-SiCx(p)

c-Si(p)

Metal

c-Si(p)

Silicon or other
semiconductor

c-Si(p)

SiOx

Fig. 1 | Passivating contacts in silicon solar cells. a, Silicon solar cell contacted with a metal electrode. 
Photogenerated holes and electrons (red and blue arrows) reach the silicon–metal interface. For efficient 
cells, only one carrier type (either holes or electrons) should be collected at the metal contact without 
recombining with the other and causing recombination losses. b, In a passivated contact, a thin layer of 
silicon oxide prevents electrons from reaching the silicon–metal interface, thus reducing recombination 
losses. c, Passivated contacts based on doped polycrystalline silicon. d, Fired passivating contact 
approach based on silicon carbide layer. c, crystalline; nc, nanocrystalline; p, p-type doping. Panel c and 
d are reproduced from ref. 3, Springer Nature Ltd.
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firing promotes efficient tunnelling-assisted 
charge transport through the silicon oxide 
layer. The FPC approach holds considerable 
promise, yet further research is necessary 
for it to be implemented into industry. For 
example, the researchers also use a final 
hydrogenation treatment of the passivation 
contact layer to reduce further defects and 
thereby recombination losses. Such hydrogen 
treatment would need to be incorporated 
into the firing step. Additionally, the parasitic 
absorption of the passivated contact layer 
needs to be reduced and its reflectivity 
enhanced. Ingenito and co-workers address 
this issue by adding a transparent conductive 
oxide, which is difficult to adopt in industrial 
processes. Alternatively, widening the 
bandgap of the SiCx layer or finding other 
materials that can be fired can further 
improve FPC-based solar cells.

Passivated contacts are vital to the next 
generation of silicon-based solar cells 
called tandem solar cells, where two solar 
cells are stacked one on top of the other 
to broaden the overall device absorption 
spectrum and sum individual voltages. 

The obvious choice for the tandem bottom 
cell is silicon, whereas perovskite materials 
are promising candidates for the top cell 
provided that long-term stability can be 
achieved. Perovksite–silicon tandem solar 
cells have already achieved efficiencies 
beyond 27%4. Other semiconductors can 
be used in the top cell but are generally 
more expensive. Passivated contact layers 
(like SiCx used by Ingenito and colleagues) 
could accelerate the commercialization of 
tandem solar cells, thus allowing perovskite 
photovoltaics to come onto the market. 
In this context, it comes as a surprise that 
the European Union’s 9th Framework 
Programme (Horizon Europe, starting in 
2021) might move away from traditional 
silicon photovoltaics in favour of other 
‘breakthrough technologies’. Advanced 
silicon solar cells, which nowadays 
achieve efficiencies of 25–26%5, provide 
solid ground for more advanced device 
concepts like tandem solar cells but require 
continued research to fulfil their valuable 
role. Additionally, economic aspects, 
such as low fabrication costs and material 

availability, will eventually decide which 
cell design will be implemented into 
mainstream manufacturing. Within this 
framework, the findings of Ingenito and 
co-workers pave the way for improving 
silicon solar cells and opening doors to 
advanced photovoltaic technologies while 
keeping fabrication costs low. ❐
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