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Developments in photovoltaics

Bell Labs made the first n-type silicon solar 
cell to generate electrical energy directly 
from sunlight as long ago as 1954. At that 
time, the semiconductor industry was in the 
very early stages of its development and 
material prices were still very high. After 
1970, the semiconductor industry evolved 
rapidly, as a result of which suitable 
semiconductors became available. 

The first commercial solar cells were 
produced mainly using scrap wafers 
originating from the manufacture of 
integrated circuits. At the same time, 
research efforts were initiated with the goal 
of improving solar cell efficiency. The solar 
cell structures in use today were devised 
and first developed in the laboratory in a 
relatively short period of time. In some 
cases, however, it would take more than 30 

years before industrialised mass production 
based on these technologies would be 
made possible.

The majority of todays’ cell concepts were 
actually invented long before industrial 
mass production began (see table 1).

Most solar cell concepts were already 
being demonstrated in laboratories around 
the world between 1975 and 1995, but they 
only became relevant for mass production 
much later. The efficiencies of the best cells 
as indicated below are consistently 
improving. Thin film cells have a relatively 
lower average efficiency in mass production 
in the module than wafer-based cells, 
compared to best cell laboratory results. 

Principle of industrialised mass 
production 

As a basic principle, mass production can 
only begin once certain basic conditions 
are satisfied:

• A market with a sufficiently large volume 

•  Adequate experience for the new product 

Technologies for megatrends
There have been solar cells based on semiconductor 
technology since the middle of the 20th century, and 
photovoltaics (PV) have undergone continuous development 
since that time. Trends have always played a decisive role in 
the development of PV. An important trend is characterised 
by technology, market, materials and investors coming 
together at an opportune moment. Megatrends are indicative 
of especially strong changes that have a major impact on the 
development of technology and the market. 

Heterojunction cells
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Table 1: Important milestones in the solar industry. Source: various official sources

Invented Cell Concept
Inventor / First 

Important Player
Mass Production

Best Front Side Full 
Wafer Lab Efficiency

1954 n-type IBC bifacial Bell Labs, USA N/A 6.0%

1982 Al-BSF (mc-Si) Solarex/ARCO Solar 1986 19.9%

1976 thin film solar cells RCA 1991 23.3%

1977 IBC (n-type) Sunpower 2000 average 25%

1977 Al-BSF (cz-Si) Mobil solar 2001 21.1%

1981 HJT (n-type) Sanyo 2001 25.6%

1989 PERT UNSW 2010 22.8%

1988 PERC UNSW 2015 23.6%

1990 PERL UNSW N/A 24.0%

variant (yield, costs, behaviour)

•  Standards, norms, simulation, etc. that 
formally permit a technical application

•  New solutions must be more cost-
efficient than existing ones

•  Availability of proven machine technology 
for mass production

Smaller evolutionary changes, such as the 
use of a cheaper encapsulant or a 
technology changeover from 2 busbar to 3 
busbar connections, are easier to 
implement in mass production than 
radically new technologies.

Even with industrialisation, the number of 
units is usually small to begin with, and so 
are the investments. Later, however, the 
investments grow significantly because the 
number of units has to be increased and 
because of the need to secure the entire 
production process. This trend explains the 
ever steeper growth in PV production 
capacity since 2000.

In order to influence a technology 
development and share in its benefits, 
companies must anticipate the right trends 
and adapt to them. For example, at the 
beginning of this century, the SiNA® cell 
coating platform was launched on the market 
as a production facility that made SiNx-
based anti-reflective coating possible. Mass 
production followed just a few years later and 
SiNx anti-reflective coating became the 
standard in the production of solar cells.

It was a similar story with PERC (Passivated 
Emitter Rear Cell) technology. The 
photovoltaic equipment manufacturer 
Meyer Burger developed and offered 
MAiA®, a coating facility for SiN/AlOx 
coatings, from 2013. Once the first such 
facilities were installed and the 
consumables needed such as 
trimethylaluminum (TMA) became cheaper, 
the trend accelerated. This turned into a 
veritable PERC boom from 2015. Now, 
more than 15 GW Al-BSF cell production is 
being upgraded to PERC every year.

Some current developments also indicate 
trends in photovoltaics with the potential 
to have a major impact on the industry in 
the future.

Megatrend 1: Solar cells with 
monocrystalline n-type silicon

Monocrystalline n-type silicon was actually 
used for the very first solar cell. This was, 
however, mainly attributable to the fact that 
this material was already available for 
semiconductor research and could 
therefore be used. It was only later that the 
solar cell production process became 
cheaper, causing a switch from n-type 
silicon to p-type silicon and, a little later, 
even from monocrystalline silicon to 
multicrystalline silicon. The rationale for this 
step was that the phosphorus diffusion to 
build up the pn-junction in the solar cell is 
possible at lower temperatures. The 
phosphorus diffusion produces the n-layer 

and the wafer has a p-base doping. At 
lower process temperatures, impurities are 
less mobile so that the production 
cleanliness requirements can be lowered. 

Costs can be reduced further by using an 
aluminium paste over the entire back 
surface. During the firing process, this 
paste generates an electrical back surface 
field that increases the efficiency of the 
solar cell for a number of reasons. Al-BSF 
(aluminium back surface field) cells enable 
efficiencies of up to 19%. 

Surface passivation makes for a further 
increase in efficiency, as a result of which 
the PERC upgrade has gained in 
importance. The effect of material quality 
is already apparent at efficiencies of over 
20%, however. The solution is to switch to 
monocrystalline material and to n-type 
doped wafers. Both increase the electrical 
quality of the wafer, thus achieving higher 
efficiencies. Using n-type silicon in PV has 
become profitable since the arrival of 
good passivation methods and increases 
in cell efficiency compensate for the 
additional costs, which result from the 
higher demands on production. 
Heterojunction technology (HJT) opens up 
an interesting possibility for the use of 
n-type material because HJT no longer 
requires high process temperatures in cell 
production. Currently, n-type solar wafers 
are available, which can also be 
processed with the existing production 
lines, e.g. PERT.
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Megatrend 2: Diamond wire cutting for 
mono and multicrystalline silicon

Until just a few years ago, all wafers were 
cut using a slurry process: a steel wire 
grinds its way through a silicon ingot with 
the aid of the slurry, a mixture consisting of 
SiC and glycol. This is a highly time-
consuming process and the wire used must 
be at least 100 µm thick, resulting in 
unavoidable kerf loss. 

In recent years, however, the diamond 
wire sawing process (DW) has become 
the industry standard. A diamond-coated 
wire is used that can cut through the 
silicon ingot much faster. In this 
environmentally friendly process which 
uses water instead of glycol, thinner wires 
with a core diameter of less than 60 µm 
can be used. All this significantly reduces 
manufacturing costs. The switch from 
slurry to diamond wire achieves 
significant savings in production costs.

Megatrend 3: Modules with 2 glass 
panes (G/G modules):

Solar modules predominantly consist of 
glass on the front and an insulating plastic 
film (backsheet) on the rear. Up to now, 
this was the most cost-efficient way of 
encapsulating solar cells reliably and 
protecting them against environmental 

influences. The plastic film is not as 
durable as a pane of glass, however. A 
module with 2 panes of glass would be 
very heavy, though which would increase 
transport and installation costs. Between 
1990 and 2012, solar modules were mainly 
installed in North America, Japan and 
central Europe and a glass/backsheet 
module was sufficiently durable for these 
markets and climates. 

With the growing global spread of 
photovoltaics, however, the focus is 
increasingly directed towards glass/glass 
modules and their benefits. Through 
ongoing research it was possible to 
minimise the weight increase of the 
modules through the development of thin, 
tempered solar glass panes. Glass/glass 
solar modules are enjoying great popularity 
because the solar cells are mechanically 
embedded in the encapsulation phase, a 
design that provides very good protection 
for the fragile solar cells. 

Megatrend 4: Small wires replace thick 
strip conductors

Solar cells in solar modules are connected 
in series or string to increase the power 
voltage. The current is first collected by the 
fingers printed on each solar cell and then 
passed on to the ribbons or busbars. The 

material used for these thin busbars is 
silver, which is a major contributing cost 
factor in photovoltaic manufacturing. The 
busbars can be easily and accurately 
soldered onto the cell. In recent years, 
however, there has been a growing trend to 
use simple round wires to connect the solar 
cells, and to replace the 2 – 5 ribbons/
busbars by 12 – 22 thin wires. 

Together, these wires have the same total 
cross-section, but the distance that the 
current has to flow within a finger is 
reduced since the many wires now conduct 
the current from the finger every 12 or even 
8mm. SmartWire Connection Technology 
(SWCT™) not only contacts rigid fingers 
produced during the firing, but also softer 
low-temperature pastes for cells with high 
efficiency and ITO surfaces. This 
evolutionary new cell connection 
technology reduces conduction losses and 
production costs and its use is regarded as 
the next step in the natural evolution of cell 
connection technology.

Megatrend 5: Modules that are light-
sensitive on both sides (bifacial 
modules)

Modules are aligned to or even track the 
sun. The rear of standard solar modules 
only receive a small fraction of the energy 

SWCT™ Cell connection station
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captured by the front of the module. 
Nevertheless, the back surface can 
contribute 5 to 30% of the overall energy 
balance. With Al-BSF cells, the 
performance deteriorates when the back 
surface is opened to the sun. 

New passivation technologies have made 
it possible today to partially open the back 
surface for light and to utilise a portion of 
the energy generated. It is advisable to use 
glass/glass modules for this purpose 
because they are optimally transparent to 
light on both sides. By mounting these 
modules on a tracker that follows the sun, 
the tracker gain is 2 to 4% higher with a 

bifacial solar module than with a 
monofacial module plus the bifacial gain of 
5% to 30%. In very sunny locations, a 
large proportion of diffuse light is available 
on the back surface, significantly 
increasing the energy yield of bifacial 
modules. Since this yield can be achieved 
at almost identical module production 
costs, bifacial solar modules are already 
growing in popularity in the PV market.

Megatrend 6: Heterojunction (HJT)  
cell technology

In silicon, electrons must have a specific 
bandgap energy in order to jump to the 
conduction band. By modifying this 
bandgap, the solar cell can be optimised for 
sunlight. Heterojunction solar cells have a pn 
junction that no longer consists of pure 
silicon (homojunction or SHJ for Single 
Junction Technology). They consist of a 
different material, amorphous silicon (a-Si), 
which has proven to be highly suitable for 
this purpose. It has the great benefit of 
passivating the wafer surface extremely well. 
Monocrystalline n-type silicon is of course 

used in HJT cells for maximum efficiency. 

These cells have already been produced in 
large sizes in test environments with 
efficiencies of over 25%. An average of 
23% HJT cell efficiency is currently 
attainable in mass production. Up to now, 
expensive machines formerly used for the 
manufacture of semiconductor circuits have 
been employed for a-Si deposition. In 
recent years, however, the focus has 

increasingly been on heterojunction 
technology and thus also on the 
development of manufacturing equipment. 
For example, the Meyer Burger HELiA® 
coating tool enables a high-throughput 
production of HJT solar cells with high-
quality a-Si coatings. 

HJT is the technology of the future that is 
already available today and will gain 
significantly in importance in the near 
future. The main reasons for this are the 
higher energy yields of an HJT module and 
the reduced space required for the 
production equipment, with a simultaneous 
reduction in manufacturing costs. A bifacial 
version of HJT cells can also be produced 
very cost-effectively. 

The low-temperature process for 
manufacturing HJT cells is ideal because 
HJT cells cannot be heated above 250°C, 
otherwise the a-Si coatings recrystallise 
and the passivation is lost. For this 
reason, SmartWire Connection 
Technology, as described above, is ideally 
suited for connecting heterojunction cells 
because it eliminates the need for 
high-temperature soldering. SWCT™ 
connects the HJT cells using a thin wire 
mesh at low temperature. Thanks to the 
interaction between n-type material, 
glass/glass modules and SmartWire 
Connection Technology, heterojunction 
cell technology is widely regarded as the 
future of solar cell technology. 

This is an outlook for the coming major 
trends in photovoltaics, many of which are 
already clearly emerging as next generation 
solar technologies which will have a 
decisive influence on the future of 
photovoltaics. As a rule, solar systems with 
modules of higher efficiency are cheaper 
and we can expect the trend to go in the 
direction of steadily increasing efficiencies 
and lower specific costs ($/Wp module and 
$/Wp solar system). 

Meyer Burger is the only PV technology and 
equipment supplier currently able to cover 
all of the megatrends outlined above with 
industrialised machines, solution and 
processes, as well as certified modules and 
the entire bill of materials. 

    www.meyerburger.com

SWCT™ Cell connection station

‘Heterojunction is the technology of the future that 
is already available today and will gain significantly 

in importance in the near future.’


