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Solar PV is quickly becoming the 
lowest-cost electricity source around 
the world. Levelised costs of electric-

ity (LCOE) of around 2ct/kWh have been 
reached, with one bid in Saudi Arabia from 
EDF/Masdar being the first to be below 
US$0.02/kWh [1].

In the coming years we will reach 
numbers of around US$0.01/kWh and 
below – and then everyone can afford 
electricity. This is also the achievement of 
new high efficiency but low cost technolo-
gies such as PERC, PERT and bifacial 
modules in simple tracking systems such as 
HSAT (horizontal single axis tracking).

However, many solar cell and module 
producers are suffering these days. Asia-
based producers are potentially entering a 
second large crisis due to overcapacity, first 
experienced in 2011. This second downturn 
can be attributed to upgrades of existing 
production lines to PERC.

In 2017 the total solar cell and module 
production capacity was around 125GW of 
which 35GW was based on PERC technol-
ogy. At the time of writing, it was expected 
that by the end of 2018, the total produc-
tion capacity would reach 160-170GW of 
which 60-70GW would be PERC [2].

However, the downstream PV demand 
in 2018 is expected to stay below 100GWp 
[3]. This means that many cell lines 
could be standing idle and many GWs of 
modules in inventory.

As already mentioned, new innova-
tions are necessary to further reduce the 
LCOE. Yet the transformation to PERC was 
conducted so fast that there are many PERC 
producers that should also put their focus 
on product quality.

PERC is a mature technology with a 
relative simple process and therefore 
benefits from low cost of ownership. With 
PERC technology, a record efficiency of 

23.6% was reached by LONGi (March 2018) 
with a busbar-less metal contact design 
and surpassed later with 23.95% by Jinko-
Solar (May 2018).

Record efficiencies are nice but what 
counts are conversion efficiency averages 
in volume production and process stability 
over time. Average efficiencies in produc-
tion for the major players such as the 
‘Silicon Module Super League’ members 
(Hanwha Q CELLS, JA Solar, LONGi, Trina 
Solar, JinkoSolar and Canadian Solar) 
have between 21.5% and 22% conver-
sion efficiencies, which are outstanding 
compared to standard Al-BSF technol-
ogy, which had dominated the market 
for decades and where the best average 
efficiencies hardly exceeded 20%.

Regarding degradation, we are not 
sure if all PERC producers have under-
stood the challenge to cope with all the 
degradation effects that this device can 
additionally suffer from. And this is what 
this article is about.

Understanding of dominating 
degradation mechanism in PERC 
solar cell
When we visit conferences and industrial 
players, we are very often surprised how 
many responsible scientists for PERC 
production have never heard about the 
severe degradation effects that PERC 
devices can show, in particular when 
talking about LeTID (light and elevated 
temperature-induced degradation), alias 
carrier-induced degradation (CID). 

Even at the “4th PERC Solar Cell and 
Bifacial Module Forum 2018” [4] LeTID was 
not really a topic.

A common response on LeTID we hear: 
“LeTID? No – we have no LID: we are stabi-
lising.” Or some of them – who are more 
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Is LeTID degradation in PERC 
cells another degradation 
crisis even worse than PID?

Manufacturers 
such as Hanwha 
Q CELLS are 
producing anti-
LeTID modules in 
recognition of the 
potential problem 
it poses
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informed – say: “LeTID only affects mc-Si 
PERC – we produce Cz-Si PERC.”

None of these statements are true. 
Even if LeTID had first been observed on 
mc-Si PERC cells [5], it is an effect which is 
also visible and detrimental in Cz-Si PERC 
modules [6] causing very severe degrada-
tion, sometimes more than 10% relative 
in power after weeks of accelerated LeTID 
degradation.

Due to this, PI Berlin tested and is 
continuing to test LeTID on many PERC 
modules available in the market. Most of 
the different tested modules (around 10 so 
far) degraded after six weeks of exposure 
to accelerated degradation by 5% or more 
relative in power – the degradation curve 
did not seem to have reached saturation.

In addition, we have heard of many 
PERC PV systems “out there” where the 
modules degraded close to 20% after 
two to three years of operation, which is 
simply a tragedy.

Figure 1 shows a typical degradation 
curve measured at PI Berlin, which has 
been presented at the German workshop 
“module-tests”, dealing exclusively with 
LeTID and bifaciality organised by PHOTON 
at Intersolar Munich in June 2018 [7].

You can clearly see that after six weeks 
at 75°C with an injected current of 0.5A 
this commercially available Cz-Si PERC 
module degraded 5% relative in power 
and the degradation still seems to be 
continuing. There are a couple of groups 
that claim that also nPERT devices might 
have such problems [8]. We are currently 
running accelerated LeTID degradations 
experiments on our BiSoN (nPERT), MoSoN 
(nPERT rear junction) and ZEBRA (IBC) cells 
without seeing such severe degradations 
so far.

Possible degradation mechanisms 
in PERC solar cells and modules
What is happening there in the PERC 
device? Why do the PERC solar cells still 

degrade even if people think that they 
have understood boron formation and can 
even control this effect? The degradation 
mechanisms of more advanced devices 
start to get more complex, as it used to be 
with simple Al-BSF (back surface field) cells.

Not only are the efficiencies at a 
different level – but also with more 
complex device structure, more potential 
to degrade and thus degradations are 
becoming more visible. And in case of 
PERC it is certainly the rear side dielectric 
which is on the one hand boosting the 
efficiency but also can cause trouble if it 
is not adapted not only for highest start-
ing efficiencies but also for long-term 
device stability.

Figure 2 shows a typical PERC device 
cross-section and summarises the three 
most severe degradation mechanisms 
which are known about so far.

LID: The very well-known and mostly 
understood degradation, light-induced 
degradation (LID) is based on the forma-
tion of BO (boron-oxygen) complexes [9]. 
It can be partly eliminated by a couple of 
measures which are described in Table 1.

HID: Hydrogen-induced degradation (HID) 
as a cause of LeTID testing was first found 
in mc-Si PERC devices as reported in [5] 
and also reported to occur in mono-PERC 
devices [6]. What is known today is that this 
degradation is based on too-high hydro-
gen content in the device, which is also 
beautifully summarised with the bucket 
theory analogy of the late Professor Stuart 
Wenham [10].

This is the case because the rear side 
passivation is in most cases realised by a 
rather thick (compared to front side passi-
vation) hydrogen-rich dielectric. With firing, 
the released hydrogen into the Si-Bulk 
bonds weakly, passivating the defect 
states. With temperature and illumination, 
these bonds are easily broken, freeing the 

weakly bonded hydrogen at a faster rate, 
and thus leading towards degradation.

Over time, a saturation state is reached 
followed by a recovery process activation, 
wherein the released hydrogen starts 
to bond back and passivate the defects 
with a stable bond, unaffected under 
LeTiD testing conditions. As for HID, the 
measures that can be taken to minimise it 
are summarised in Table 1.

Passivation degradation on bare 
Si-wafer: It is very difficult to find out 
the real dominating cause of degrada-
tion. Recently A. Herguth and his team at 
University of Konstanz have discovered 
that the observed degradation in PERC 
solar cells is also partly based on the 
de-passivation effect of the rear side 
dielectrics [11]. This degradation effect was 
already observed in IBC solar cells on the 
front side.

In case of the IBC cells at least a shallow 
FSF (front surface field; i.e. a phosphorous 
diffused layer in case of n-type Cz-Si based 
cells) was needed in order not to see this 
effect.

Figures 3a and 3b show testing 
examples at different places where, on the 
one hand mc-Si PERC modules (top), on 
the other Cz-Si modules (bottom), showed 
severe degradation behaviour.

As during the LeTID testing all the three 
(or two) described effects are possibly 
activated and a more detailed examination 
of all modules with problems has to be 
conducted in order to find the most critical 
degradation mechanism in that device. 
When it is identified, solutions for degrada-
tion reduction can be tested.

Possible solutions for degradation 
mechanisms in PERC solar cells and 
modules
As described, the degradation in PERC solar 
cells and modules is very complex and 
cannot be easily understood or connected 

Figure 1. Influence of module parameters on LeTID tests of 
a commercial mono PERC module measured at PI Berlin in 6 
weeks testing

Figure 2. Three major degradation mechanisms in PERC during LeTID: 1) LID, 2) HID 
and 3) depassivation of rear dielectrics
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to only one degradation mechanism. 
Therefore, as PERC modules also seem to 
be more affected at elevated temperatures, 
TÜV has also now established this testing 
in its quality testing procedure. Table 1 
summarises the most severe degradation 
effects and possible solutions to reduce 
them to pass the TÜV testing.

There is of course still potential-
induced degradation (PID) that has to be 
controlled, but this degradation is related 
to all modules with the migration of Na 
and other impurities from glass towards 
the solar cell surface causing shunts or 
de-passivation [14].

This degradation can be minimised at 
the cell, module and system level and is 
mostly taken care of at the module level 
by choosing high-quality encapsulants, 
such as suitable EVAs or even switching 
to polyolefin films, mostly found with 
double-glass modules.

We hope that we have provided 
enough awareness of quite new degrada-
tion mechanisms in mc-Si as well as in 
Cz-Si PERC solar cells.

With this article we want to motivate 
PERC solar cell and module producers 
to better adapt their devices regarding 
lower degradations and to warn small 
rooftop installers as well as large utility-
scale EPCs to make the right choice 
(performing the right tests on selected 
modules) for their PV systems.

The awareness of this issue by the main 
players, i.e. cell & module manufacturers 

on the one hand and system installers 
on the other, will be important to avoid 
a flood of claims relating to dramatically 
underperforming PV systems and therefore 
a potentially severe negative impact on the 
credibility of PV as a whole.

Good luck, choose wisely and continue 
to reduce our CO2 emissions so that we can 
save our great blue planet. Soon we will 
arrive at a total installation of 1TWp; we 
hope with few, if any, degradations issues.

Figure 3. LeTID testing at Eternal Sun 
(left) [12] and Frauhofer CSP on mc- and 
Cz-PERC modules (right) [13]. Note 
that for the test by Fraunhofer CSP, 
all modules have been stabilized with 
respect to LID, accordingly, degrada-
tion due to formation of B-O complexes 
is not included in the Pmpp decrease 
shown in the right graph

Light and elevated Temperature Induced Degradation (LeTID)

Degradation 
mechanism

LID HID Passivation degradation 

Cause BO complex formation High hydrogen concentration Depassivation of dielectrics 
on undiffused surfaces 

Reduction 
on cell level 

 Low oxygen Si material

 High resistivity Si material 

 Stabilisation process  

 Ga-doping

 n-type devices

 Use of H-poor dielectric 
layers

 Adapted process  
temperature kinetics

 Low firing temperatures

 Thin wafers

 Use of low doped BSFs

 Upgrade to PERT  

Table 1. Summary of PERC degradations and possible solutions

[1] http://taiyangnews.info/markets/worlds-
lowest-solar-bid-disqualified/

[ 2 ]  h t t p s : / / w w w . p v - m a g a z i n e .
com/2018/09/07/perc-market-to-reach-
158-gw-by-2022/

[3] https://www.energymanagertoday.
com/report-global-demand-for-solar-
to-decrease-drastically-in-q3-2018-
prompted-by-tariffs-0177987/

[4] https://de.enfsolar.com/directory/
service/002639/4th-perc-solar-cell-and-
bifacial-module-forum-2018

[5], Ramspeck, Klaus et.al, “Light induced 
degradation of rear passivated mc-Si 
solar cells”, Proc. 27th Eur. Photovolt. Sol. 
Energy Conf. Exhib., pg861-865, 2012

[6] Fertig, F et.al, “ Mass production of 
p-type Cz silicon solar cells approaching 
average stable conversion efficiencies of 
22%, Energy Procedia, vol.124, pg.338-
345, 2017

[7] https://www.photon.info/de/workshop-
photon-modultests-0

[8] Chen, Daniel et.al “Hydrogen induced 
degradation: A possible mechanism for 
light-and elevated temperature-induced 
degradation in n-type silicon”, Solar 
Energy Materials and Solar Cells, vol.185, 
pg.174-182, 2018

[9] J. Schmidt et.al  “Investigation of carrier 
lifetime instabilities in Cz-grown silicon”, 
Proc. 26th, IEEE Photovoltaic Specialists 
Conference, , p. 13-18, 1997

[10] Alison M. Ciesla nee Wenham et.al, 
“Hydrogen Induced Degradation: 
Professor Wenham’s Perspective”, 7th 
World conference on Photovoltaic 
E n e r g y  C o n v e r s i o n  ( W C P E C - 7 ) , 
Hawaii-2018

[11] A. Herguth et.al. , “A Detailed Study 
on Light-Induced Degradation of Cz-Si 
PERC-Type Solar Cells: Evidence of Rear 
Surface-Related Degradation,” in IEEE 
Journal of Photovoltaics, vol. 8, no. 5, 
pp. 1190-1201, Sept. 2018.; doi: 10.1109/
JPHOTOV.2018.2850521

[12] E. Garcia Goma et al., “Irradiance and 
temperature test method for Light 
andElevated Temperature Induced 
Degradation and Regenerationon 
commercial  PERC modules”,  35th 
European Photovoltaic Solar Energy 
Conference and Exhibition, Brussels, 
Belgium 2018

[13] M. Pander et al., “Benchmarking light 
and elevated temperature induced 
degradation (LeTiD)”, 35th European 
Photovoltaic Solar Energy Conference 
and Exhibition, Brussels,  Belgium 
2018[14] J. Berghold, et.al.  Potential 
Induced Degradation of Solar Cells 
and Panels, Proceedings of the 25th 
European PhotovoltaicSolar Energy 
Conference and Exhibition, Valencia, 
Spain, 2010, pp. 3753–3759.

References

Dr. Radovan Kopecek is one of the founders of ISC Konstanz. 
He has been working at the institute as a manager and 
researcher since January 2007 and is currently the leader of 
the advanced solar cells department. Dr. Kopecek received 
his M.S. from Portland State University, USA, in 1995, fol-
lowed by his diploma in physics from the University of 
Stuttgart in 1998. The dissertation topic for his PhD, which he completed 
in 2002 in Konstanz, was thin-film silicon solar cells.

Dr. Joris Libal works at ISC Konstanz as a project manager, 
focusing on business development and technology transfer 
in the areas of high-efficiency n-type solar cells and innova-
tive module technology. He received a diploma in physics 
from the University of Tübingen and a PhD in the field of 
n-type crystalline silicon solar cells from the University of 
Konstanz. Dr. Libal has been involved in R&D along the entire value chain 
of crystalline silicon PV for more than 10 years.

Lejo J. Koduvelikulathu received B.Tech in electronics 
and telecommunication engineering from Dr. Babasaheb 
Ambedkar Technological University, India in 2005. From July 
2005 to July 2007 he worked with M/s Siemens Ltd, India 
as a commissioning engineer. In October 2009 he received 
a master’s degree in telecommunication engineering and 
in November 2010, a professional master’s degree in the field of nano- 
micro-systems both from the University of Trento, Italy. Since November 
2010 he has been working as an R&D engineer in the advanced cell con-
cepts department with ISC Konstanz.

Authors




