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1. Executive summary 
 

The aim of this project was to lift off c-Si-thin-films in a cost effective manner, and to process them 
to integrated interconnected solar cells. One main goal was therefore to provide material for solar 
cells with an efficiency potential of >20%. Recent scientific publications as well as founding of start-
up companies aiming to use comparable material show the general interest in the topic in the PV 
community.  

As handling issues stopped quick progress so far, the main goals of the R2M-Si project were to 
enable the use of lift-off films in a nearly handling-free approach. Thereby limitations arising from 
handling issues can be avoided. For this purpose Fraunhofer (ISE), University of Konstanz (UKON), 
Interuniversity Microelectronics Centre (IMEC), Stiftelsen for industriell og teknisk forskning 
(SINTEF), Ioffe Physical-Technical Institute of the Russian Academy of Sciences (IOFFE), Rena 
Sondermaschinen GmbH (RENA), and the company S’Tile joined forces.  

The expected impact of this project was not only the ability to provide high-quality, large-area silicon 
foils, but also a tool beyond state of the art, which is able to produce silicon foils with high 
throughput and very low costs. Along with a tailored solar cell and module concept this should lead 
to potential conversion efficiencies of 20% and higher.  

Within the R2M-Si project we worked successfully on both the theoretical understanding and the 
actual process development of porosifying and lifting off layers from flat wafers as well as from the 
circumference of a silicon rod. Studies on grain orientation dependencies of the porosification along 
with tool development towards a continuous formation of a separation layer were accompanied by in 
depth understanding and thus optimisation of the reorganisation and subsequent epitaxial growth 
process and the introduction of a special gluing process.  

As results of this work a circumference of a 150 mm ingot was etched in a quasi-continuous mode 
and subsequently successfully detached. A comparable but smaller piece of porous Si has also 
been successfully detached, glued both to a standard multi crystalline wafer as well as a sintered Si 
wafer and after gluing reorganised and epitaxially thickened.  

The consortium was also able to show epitaxially thickened attached and non-attached reference 
foils with diffusion lengths > 150 µm and corresponding cell efficiencies of up to 15.2%. This 
process has been transferred to a CVD reactor able to work in a continuous mode (ConCVD), 
resulting in epitaxial layers showing etch pit densities as low as 4e4 cm-2 and diffusion lengths of up 
to 70 µm. The latter translates in solar cell results of open circuit voltage up to 640 mV, fill factors up 
to 79% and respective efficiencies of up to 13.8%. Additionally an in-situ p-n junction epitaxy 
process grown in just one pass through the ConCVD has also been developed within the project.  

Further down the line in the value chain also a new integrated solar cell and module concept has 
been proposed and also shown. Accompanied by thoroughly conducted simulations using 1, 2 and 
3 D simulations a device structure theoretically capable of more than 18% has been identified. By 
preparing actual mini modules following the new concept design open circuit voltages of 3,05 V with 
5 cell mini module has been shown. 

All these steps represent a big step towards the initial goal of providing material for solar cells with 
an efficiency potential of >20% at low costs. 



 

2. Summary description of project context and objectives  
 
The general approach of the R2M-Si project was to avoid bottlenecks encountered in the state of 
the art PV production. The main bottlenecks are conversion efficiency, material consumption and 
manufacturing complexity. The proposed solution is the so-called c-Si thin-film lift-off approach. In 
this approach thin c-Si layers are stripped from silicon wafer which bare the potential to reach > 
20% efficient solar cells.  

The overall aim of the R2M-Si project was to provide a disruptive alternative to even advanced 
standard high-efficiency wafer and thin-film solar cells with a consumption of highly pure silicon 
below 0.5 g/W, at less than a third of today’s module cost. 

One major aim of this project was therefore to enable the use of lift-off films in a nearly 
handling-free approach, to avoid limitations by handling issues.  

This was planned to be achieved by elaborating the following critical key steps: 

- Continuous separation of a very thin (1-10 µm) c-Si foil from the circumference of a 
monocrystalline silicon ingot, followed by: 

- Attachment to a high-temperature stable substrate of large area (e.g. graphite, Sintered Silicon, 
or ceramics), which can also serve as module back side (Figure 1). 

- High-temperature re-organisation of the silicon foil followed by in-situ epitaxial thickening (~40 
µm base thickness) in an in-line chemical vapour deposition reactor, including pn-junction 
formation 

- Processing of high-efficiency solar cells and formation of integrated interconnected high-voltage 
modules  

- Encapsulating into a module (glass / encapsulant only if needed) 
 

 
Figure 1: Schematic of the silicon layer detachment setup: A separation layer (4) is produced by 
immersion of a moncrystalline silicon ingot (1) in an electrochemical etch bath (5). After an optional 
anneal (6), the foil can be detached and transferred to a substrate. 
 
The main concrete scientific and technological objectives to achieve those aims were: 
• 156mm wide, > 1x circumference long detached silicon foils 
• Increased understanding of the electrochemical porous silicon etching process 
• 40 µm thick epitaxial silicon layers on top of detached layers with minority carrier diffusion 

length larger than 80 µm 
• Higher than 20% efficient single solar cells; higher than 18% integrated R2M-Si modules with 

open circuit voltage larger than 20 V 
 



 

Figure 2: R2M-Si work plan structure. 

In Figure 2an overview of the work package structure designed to support the achievements of the 
R2M-Si project goals is given. The overview also shows the interrelation of activities within the 
project. There are three fundamental technical work packages, a work package for implementation, 
exploitation and dissemination as well as a coordination work package. 

 

The expected impact of the proposed project is to raise the cost-effectiveness of producing c-
Silicon-thin-film lift off layers and subsequently fabricated solar cells and modules. The impact is 
even higher in conjunction with the high efficiency potential of the material and the low-cost high 
throughput tools necessary for this concept as well as a dedicated solar cell and module processing 
sequence. The joined partners in this collaboration are amongst the leading institutions working in 
the topic thus allowing for acceleration in improvements and potential time-to-market. The project 
especially benefits from the industrialising expertise of RENA and the substrate supplier S’Tile in 
conjunction with the fundamental scientific back up of the several renowned research institutions. 

 

Several start-ups as well as an increasing number of publications in the scientific PV community 
dealing with comparable approaches show the generally growing interest in the c-Si-thin-film topic. 
However all of them have to target similar topics: conversion efficiency, material consumption and 
manufacturing complexity. The topics were seriously addressed in this project. The combination of 
c-Silicon and a thin absorber also holds the potential to either tap from the wealth knowledge and 
expertise that is available from the bulk crystalline Si PV industry or processing sequences known 
from other thin film approaches. This gave our approach not only an excellent starting point for a 
successful development but also an inspiring fertilising and competitive surrounding in the 
community.  

 

The rough cost estimations for our module concept shows a cost potential of far below 0.5 €/Wp, 
and a very good Balance-of-System cost. This can give a positive impact on the acceptance of PV 



especially in times when European PV production rates decline and public and political discussions 
are more and more interested in “energy efficiency”.  



 

3. Description of the main S&T results/foregrounds  
 
 

3.1. Work package 2: 

Well suited Si ingots and wafers of different crystal orientation for the optimization of porous Si layer 
formation were provided by partner SINTEF. Ingot pulling in <110> directions was identified to allow 
for a low dislocation density of the epitaxial layer on the porous Si on the circumference of the Si 
ingot. 

In addition the sintered Si substrates of 156 x 156 mm2, on which the porous Si layer shall be 
attached after lift-off from the Si ingot, were successfully in sufficient quantities produced by S'Tile.  

Bragg reflector based on porous Si layers of different porosity in combination with the sacrificial high 
porosity layer were studied to evaluate its optical properties.  

Anisotropy of mesoporous silicon formation rate was investigated by electrochemical etching of 
model cylinders (diameter ca. 1 cm) at IOFFE. It has been demonstrated that due to faceting, the 
cylinder cross section gains shape of a hexagon (for <111> oriented cylinders) and shape of a 
square (for <100> oriented cylinders). The “Wagon wheel” procedure was developed for 
electrochemical etching and used for the first time to study anisotropy of Si anodization rate as a 
function of different factors: current density doping level and HF content. Reduced faceting of a 
cylindrical ingot surface can be expected for <111> oriented cylinders anodizied at high current 
densities in concentrated HF electrolytes. Reorganisation of porSi on reference cylinders was 
studied.  

The production of reference porous layers was investigated at IMEC in terms of an improvement of 
the smoothness of the low porosity layer after reorganisation. The roughness of the seed layer is 
determined by the anodization conditions. Three trends have been shown leading, after the 
annealing step, to smoother surface: the shortening of the anodization time, the decrease of the 
current density and employing electrolytes with higher HF concentration. In these conditions, the 
pore structure reorganizes faster and smaller pores are obtained leading to structures closer to the 
equilibrium after the same annealing conditions.  Triple layers can be used to have a void-free top 
surface, which is beneficial for epitaxial growth. 

In the reference case a laser process that ease the lift off was successfully developed. In this way 
porous Si layers after reorganisation were detached and attached to a glass by silicon bonding. 

For the attachment of the porous Si layers to the sintered Si substrate an approach developed at 
ISE was the most promising. We found a high temperature stable attachment process which is 
suitable to attach porous silicon foils even prior to reorganisation and epitaxial thickening as well as 
compatible with anti reflective rear side layer stacks including aluminium. 

In the course of the etching tool development a lab tool was set up at the site of partner UKON by 
partner RENA. The requirements for an SDT tool were identified. Although no SDT-tool solution was 
identified we believe, that more advanced materials might help to overcome the chemical corrosion 
seen in our material test and thus enable to realize one of the showed setups. From our today's 
perspective especially a more focussed study regarding the substitution of ethanol against 
alternative wetting chemicals would be helpful to eliminate the before mentioned safety issues 
coming along with static charge and explosive exhaust environments. A circumference of an 150 
mm ingot was despite the above mentioned issues etched in the lab tool and was successfully 
detached from the circumference of the ingot 



3.2. Work package 3: 

The main objective of work package 3 was to re-organize the porous silicon foil (eventually glued to 
a permanent substrate) prepared in WP2, and to grow high-quality silicon layers with minority carrier 
diffusion length higher than 150 µm on top of these layers. 

The WP had the following detailed targets and objectives: 

• To find an optimum process to reorganize the porous silicon layer, which does not affect the 
integrity of attached layer and enables a good epitaxy 

• Epitaxially thickened attached and non-attached reference foils, with diffusion length in epi 
layer > 150 µm 

• In-situ grown pn epitaxy layers on attached and non-attached reference foils with interface 
recombination < 1000 cm/s 

• Epitaxially thickened R2M-Si substrates, with diffusion length in epi layer > 150 µm 

• High-throughput ConCVD epitaxially thickened attached and non-attached refererence foils 
with diffusion length in the layer > 150 µm. 

• High-throughput ConCVD epitaxially thickened R2M-Si substrates, with diffusion length in 
the layer > 150 µm and in-situ pn epitaxy. 

To achieve these objectives, two tasks were defined:  

• Task 3.1 covered reference processing on small scale to perform basic investigations 

• Task 3.2 was dedicated to process optimization and process transfer to the high-throughput 
“ConCVD” epitaxy tool 

In these tasks, silicon layers of 20-40 µm thickness were grown after reorganization by high-
temperature CVD on porous silicon layers. Optimum reorganization conditions and growth profiles 
were investigated. For reorganization, parameters like temperature, process time and atmosphere 
were evaluated. Deposition varied precursor type, gas composition, dopant gas concentration, 
growth temperature, pre-treatment in-situ and ex-situ, layer thickness, and doping profiles. Epitaxial-
growth tests were done on a variety of substrate orientations. Two general directions were pursued: 
epitaxial thickening of a non-attached porous layer, or epitaxial thickening of a porous layer attached 
to a high-temperature-resistant substrate. Four epitaxy reactors were used to do the processing: an 
Epsilon 3000 commercial reactor, a RTCVD100 and a RTCVD160 lab type tool, and the ConCVD 
high-throughput prototype reactor. Process optimization for the latter reactor also involved simple 
test structures, with epitaxial layer directly deposited on mc-Si or Cz-Si substrates.  Layers were 
characterized both in attached as well as detached state, to investigate parameters like doping 
profiles, defect density, minority carrier diffusion length, homogeneity, crystal structure (SEM, TEM, 
XRD). 

On reference substrates and reference epitaxy, we could improve epitaxial quality on detachable 
porous silicon foils to a level exceeding requirements on a thin-film solar cell by far: lifetimes up to 
150 µs at an excess hole density of 1016 at/cm3 have been measured (see Figure 3). This result was 
only possible by continuous improvement of the reorganization and epitaxy process, backed by an 
increased understanding of microscopic processes during reorganization and stress evolvement 
during epitaxy. 



 

Figure 2: Effective lifetimes as a function of injection level measured using QSSPC for porous 
silicon-based epifoils grown on three different porous silicon templates as well as lithography-based 
epifoils, confirming that higher quality epitaxial growth is obtained on thinner low-porosity layers.  
Inset: a photograph of a layer-transferred epifoil. 
 

Transfer and attachment in WP2 was pursued with two approaches: one approach based on 
silicone bonding of the final epitaxial layer on glass (“glass bonding”), and a further approach based 
on gluing of the PorSi to a permanent silicon substrate followed by a subsequent reorganization and 
epitaxy step (“R2M-Si bonding”).  

In the first approach, samples up to 5x5 cm2 could be fully covered with very high-quality silicon 
layers, fully suitable for solar cell processing. The “R2M-Si” bonded approach could be 
demonstrated as well, with smaller epitaxial layers of not yet optimized quality on 5x5 cm2 
substrates. Figure 4 shows such a sample, with an epitaxially thickened layer glued to a mc-Si 
reference substrate. 

 

Figure 3: Porous silicon foils detached prior to reorganization and attached on mc silicon substrates 
(high porosity layer is on top; sample size 50 x 50 mm²). Left: After HF preparation. Right: After 
reorganization and epitaxial thickening. The blue line indicates the position of the foil. 
 

Transfer of the processes to the ConCVD first required a stable basic epitaxy process. Layer quality 
suffered in the first project phase from particles in the layer, resulting in shunting of processed solar 
cells. This problem was overcome by alterations of the inner deposition setup, reducing carbon 
contamination dramatically. Epitaxial layers deposited on Cz reference wafers were shiny after 
further process optimization based on Design of Experiments methods, as shown in Figure 5. Etch 
pit density of these layers was 4e4 cm-2 in the mean of a 6” wafer, down to 1000 cm2 locally. 
Minority carrier lifetime measurements gave values up to 3.8 µs, equivalent to approx. 70 µm of 



diffusion length. Test solar cells to evaluate the quality had open circuit voltages of 640 mV, Fill 
Factors of 79% and efficiencies up to 13.8%. 

A further process optimization lead to in-situ deposited pn layers, where both polarities were 
deposited in one pass. These layers were still in characterization phase at the end of the project. 

 

Figure 4: Photograph of a 6” Cz wafer epitaxially thickened in the optimized setup of the ConCVD. 
 

Application of the epitaxy process to porous silicon layers processed on 6” wafers resulted in 
epitaxial layers as well (see Figure 6). Reorganization and epitaxy process still are not fully 
optimized, since the defect density of these layers is higher than on a bare silicon wafer surface.  

 
Figure 5: 6” Cz wafer with porous silicon layer epitaxially thickened in the ConCVD. 
 

In conclusion, a good progress was made in WP3, and substantial results were achieved throughout 
the project. 



3.3. Work package 4: 

Simulation of integrated interconnection module design 

To evaluate the best possible cell interconnection scheme for foils attached to R2M-Si substrates 
numerical modelling is performed by partner UKON for an integrated interconnected module design 
(module designed by partner ISE). Therefore a first computation was carried out by decoupling 
different problems: optical simulation and optimization was done in Sunrays (1D), electrical 
modelling was done in PC1D (1D) and the final interconnection optimization was done in 2D with 
Matlab. This modular approach of the simulation provided insight about the design but made some 
approximations regarding carrier transport. In particular there is the assumption of a pure vertical 
transport of the carriers in the 1D cell except in the BSF and the emitter where it is assumed purely 
lateral. The model concluded that the optimal thickness of the BSF is large (1/2 of the cell 
thickness). Full 3D simulation in Synopsys Sentaurus were then done to check the transport of 
carriers in the device and fine-tune the finger design. Basic results from the decoupled simulations 
seems to be still valid, however, the finger distance and the width of the cell should be decreased to 
get better performances corresponding to a reduction of the series resistance and thus of the FF 
losses. It is therefore very important to remain with Wcell<=4.91 mm. 

 

Solar cells on reference epitaxial foils. 

A process to fabricate high quality epitaxial reference foils was developed (WP 2-3) to be able to 
start their integration into cells.  In a first step, several process steps needed in the process flow for 
high efficiency solar cells, were tested on epitaxial foils.  A p-type epitaxial emitter  is developed with 
an optimal Boron doping concentration of 1.00E+18, and thickness of 2 µm.  If the surface is 
passivated with 30 nm intrinsic amorphous silicon, it gives a Joe of 10 fA/cm2.  Furthermore, a 
texturing process by TMAH etching is optimized for front-side texturing removing only 5µm of the 
epitaxial foil and reducing the front-side reflectance to values around 12%.  Other process steps like 
oxidation, metallization by evaporation and lithography were also adapted to be applied on thin 
epitaxial foils.  

After single process step development was finished, simplified solar cells were fabricated.  By 
processing the foils on the front while still attached to the parent wafer, cells with efficiencies up to 
14.9% with very limited rear-side processing.  Those cells were limited by the FF (varying between 
72 and 79%), most probably due to micro cracks during the  metallization step, but also cracks due 
to handling during other process steps.  Since it became clear that processing free standing foil 
remains very difficult, but on the other hand, a rear-side reflector is essential, a porous silicon Bragg 
relfector is applied. Since this process can be included even before epitaxial growth, it would not 
make solar cell processing more complicated.  The Al rear-contact is reduced from 2µm to 1µm to 
limit the bowing (and stress) in the epitaxial foils.  Stabilization of the solar cell process could be 
observed, mainly due to better knowledge regarding handling of free standing epitaxial foils and 
using a thinner Al rear-contact.  The optical effect of the Bragg reflector result in a slight increase in 
current density; but more important is probably the effect of the Bragg reflector on the stress in the 
epitaxial stack. Efficiencies up to 15.2% are obtained.  After solar cell processing is finished, two 
cells are bonded on low-cost substrates delivered by S’TILE.  Bonding is done by means of a low-
temperature silver paste that is commercial available.  Some shunting issues appear that could be 
partially solved by dicing out the cells after bonding.  Best efficiency obtained was 15%. 

  

Integrated interconnection development 

A laboratory process for integrated interconnected crystalline thin film cells was realised, focus was 
put on the realisation of a laboratory process where lithography is used for the structuring steps. 
The active layer consisting of 5 µm BSF with a doping concentration of 1∙1018 cm-3 and a base of 



30 µm with doping concentration of 4∙1016 cm-3 was grown in a lab-type APCVD (Atmospheric 
Pressure Chemical Vapour Deposition) reactor on silicon on oxide (SOI) wafers. Trench formation 
by KOH etching, isolation by silicon nitride, emitter etching by SF6 and metallization was developed 
to be applied in this process flow.  

The best module exhibits an efficiency of 8.8 %, including the trenches between the cells and 
excluding the contacting pads for the measurements. Voc and Jsc values are as expected for this 
architecture and in the range of 600 mV and 27 mA (30µm, non textured front surface).  

The most significant shortcoming in these cells lies in the FF which turned out to be largely 
influenced by RS. The high series resistance originated mainly from contacting problems like peeled 
off contacts and missing interconnection, as well as a low rear side conductivity. Possible solutions 
for improved contacting, adjustments of the doping profile, and integration of texturing are proposed. 
With these measures high efficient mini-module should well be possible. 

 

Encapsulation 

A mini-module was encapsulated with silicones early in the project. The mini-module could 
withstands more than 800 days of outside open-circuit weathering. Two cells failed after 870 days of 
outside open-circuit weathering and 2 cells continued working up to now. Standard EVA based 
encapsulation is also realized for a mini-module fabricated in this project.   

 



3.4. Work package 5: 

The main goal of this work package was to evaluate the future industrial feasibility and the 
environmental sustainability of the novel concepts. Simplifying and canalization of exploitation 
strategies of the technology already at a very early stage is a second main objective for WP5. The 
objective is to maximize the likelihood of marked success of the developed technology. The 
exploitation has been supported by dissemination of the project results, in order to promote the topic 
to as many as possible interested researchers and industry companies. 

The following targets were set for this work package: 

- Identification of a suitable process flow for future production lines 

- Secure partner IP in the topic, and generate effective exploitation strategies 

- Enable a high degree of dissemination to make the project known to a wide community 

 

Task 5.1: Transferability to future production lines  

The selected process flows for cost-effective processing of R2M-Si modules has been evaluated 
with respect to industrial feasibility and environmental sustainability. A prototype of the equipment 
has been developed in the project. A patent has been filed related to this equipment. The equipment 
has been evaluated regarding cost and scalability.  

 

Task 5.2: Dissemination  

A project web-site has been created to present the project. http://www.r2m-si.de. In the open part of 
the web-site includes information about the project for a wider public. 

As part of the dissemination an open workshop including the four EU funded projects R2M Si, 
Hipersol, ThinSi and NanoPV was arranged in Norway (Oslo), June 20th to 22nd, 2012. The title of 
the workshop was "Advanced concepts in silicon based photovoltaics (ACPV)". The workshop 
contributed to disseminating results from the four EU funded projects. The workshop also provided a 
platform for discussions beyond the current running development to build strategic collaborations 
and plans for further activities in the PV field. The workshop had 69 registered participants, including 
representatives from industry, universities, research institutes and REA. The program can still be 
found at http://www.sintef.no/projectweb/ACPV/.  The contributions to the workshop were published 
in Physica Status Solidi A, No.4-2013. 

One objective of the workshop was to discuss and identify a "common" set of research needs and 
recommendations for funding agencies. The results are summarised below: 

1. Main challenges and opportunities for the PV industry in the coming years 

The PV market was growing with approximately 70 GW in 2011 and is now, after hydro and wind 
power, the third most important renewable energy source. Even though the industry currently faces 
challenges and is in a period of uncertainty, the prospects for continued robust growth are good 
over medium- and long-term. Under the right policy conditions, the technology can continue its 
progress towards competitiveness in key electricity markets and become mainstream energy 
source. In fact, PV is already a significant part of Europe's electricity mix, producing 2% of the 
demand in the EU and roughly 4% of peak demand. PV's growth will require a paradigm shift in the 
way electricity is produced, sold, transported and distributed. The high penetration of photovoltaics 
into the electricity grid raises challenges and presents opportunities. According to the PV roadmap 
from the European Industrial initiative on solar energy the ambitions are to increase the system 



conversion efficiency to above 25% and crystalline PV to above 35% as well as to reduce the costs 
of PV systems to less than 1.5 Euro/Wp before 2020. In order to meet this ambition there are 
several challenges that needs to be overcome. 

Silver is named by the International Technology Roadmap for PV (ITRPV) as the largest cost driver 
in the cell manufacturing process besides the wafer itself. To keep up with the PV learning curve a 
yet unknown technological development needs to replace silver in 2015. 

2. Recommendations to funding agencies 

Although the marked is challenging at the moment, there is a belief among the participants that 
solar energy will give an important contribution to environmental energy production also in the 
future. There is a clear need for more research and to combine effort of the European PV industry, 
institutes and universities. Especially in these challenging times for the industry, it is important to 
spend the time to strengthen competencethat can be used to gain marked shares in the future. In 
this context the question was raised by the participants, whether the current expected calls for 
research proposals form EU FP7 is sufficient to support this need. The current research on 2nd 
generation solar energy have resulted in important steps forward in the direction of producing solar 
energy with new methods with respect to traditional crystalline silicon solar cells. Currently, 
however, this technology is not at a stafe where it is easily implemented in large scale production to 
take over the marked. Concerning the research carried out on cell level, and in particular on paste, it 
was discussed whether this had been too influenced by equipment manufacturers. The focus up 
until now has been on improving the current state of the art, and to some extent this might have 
impeded the development of new and innovative concepts. The research agenda has so far to a 
large extent been set by the paste manufacturers, but there is a need to a larger extent also include 
other parts of the PV. 

 

In addition to the publishing the results of the project on the workshop and in PSS, the project 
results was also presented in journals and at conferences as detailed in the list of publications. 

Task 5.3: Exploitation for large scale production  

The technology has been reviewed by the industrial partners and analysed with regards to up 
scaling feasibilities to an automated and stable manufacturing process. Using this review, an 
"Exploitation Assistance package (EAP)" covering the main information required to exploit the 
technology developed in the R2M-Si project was developed. 

 

Product 

The product described in this EAP is a crystalline silicon thin-film module, the “R2M-Si Module”. It is 
similar to a standard module at first glance, but quite different in detail. It has the following 
advantages: 

Higher module voltages than standard simplify system integration especially for small systems 

Reduced manufacturing cost due to reduced silicon and metal consumption  

Competitive system integration cost by high module efficiencies  

Longevity of the module due to usage of proven material and processes 

 

Process chain/Realization 



The basic idea of the R2M-Si Module is to join a thin monocrystalline silicon template with a sub-
module sized silicon substrate, and, after epitaxial thickening of the attached template, do an 
integrated series interconnection similar to classical thin-film technologies. The module 
encapsulation can be done using classic processing. 

Necessary infrastructure 

The R2M-Si plant does not require infrastructure deviating from standard solar cell factories. The 
most obvious special process step, the silicon epitaxy, however, involves reduction of chlorosilanes 
by hydrogen. These chemicals are not usually used in not fully-integrated PV fabs. However, these 
precursors are well-known in microelectronics or glass fibre factories. 

Due to the fully integrated manufacturing approach without the need to produce thousands of tons 
of poly silicon, the overall requirement on floor space and electric power is significantly reduced.  

 

Intellectual property 

Within the project, Foreground has been developed in various parts of the value chain, covering 
both know-how and one patent application.  



4. Potential impact  
 

Potential Impact 

The major final result of the project is a process and a sketch of a respective manufacturing line to 
produce highly efficient c-Si thin-film modules based on the lift-off approach.  

The impact of R2M-Si conforms to the very ambitious targets that have been adopted for renewable 
energy in Europe. Although reliable PV systems are already commercially available and widely 
deployed, the cost of PV generated electricity is still too high to compete with base-load electricity 
from non-renewable sources. Therefore, further development of PV technology with the aim to 
drastically reduce the turn-key system prices and cost/m2 cell area is crucial. 

R2M-Si set a ground stone for developments to accelerate change in PV cost performance by 
developing a complete process chain for cost effective processing of solar cells based on an 
innovative approach, which holds the potential to consume dramatically less Si material without any 
kerf losses. The research significantly cut the way to solar module processing costs significantly 
less than 0.5 €/Wp shorter. This cost perspectives can now promote extensive dissemination of PV 
technology no longer reliant to additional subsidies and thus helping to build up a sustainable 
energy supply for Europe.  

 

Main dissemination activities 

A public website of the R2M-Si project is available at www.r2m-si.eu. Here a general presentation of 
the project can be found. Also updates on upcoming events and public dissemination were given on 
a regular basis. 

During the R2M-Si project the consortium has published project related results in 9 scientific papers 
in peer-reviewed journals as well as given 13 contributions at international conferences. The project 
also resulted in 1 PhD thesis. 

Work done in within the frame of the R2M-Si project was also presented at the “Advanced concepts 
on silicon based photovoltaics” open work shop held from June 20th - 22nd 2012 in Oslo at 
STIFTELSEN SINTEF which was organised by the consortium in close collaboration with three 
other EU funded projects: Hipersol, ThinSi and NanoPV. The workshop also provided a platform for 
discussions beyond the current running development to build strategic collaborations and plans for 
further activities in the PV field. The workshop had 69 registered participants, including 
representatives from industry, universities, research institutes and REA. The program can still be 
found at http://www.sintef.no/projectweb/ACPV/.  The contributions to the workshop were published 
in Physica Status Solidi A, No.4-2013. 

 

Exploitation of results 

The main exploitable results generated by the R2M-Si project include: 

- Manufacturing of ingots with narrow dopant distribution, Mechanical surface finishing before 
Porosification, 

- Preparation of sintered silicon (SSi) substrates, 
- Design rules for PorSi equipment / used materials, 
- Parameters for PorSi etching process, 
- Parameters for Glue process, 



- Parameters for PorSi reorganisation, 
- Parameters for reference epitaxy, 
- Parameters for inline epitaxy, 
- Experience on cell processing of int. interconn. submodules, 
- 3D Simulation of cell concept, Experience on EVA module encapsulation, 
- Experience on silicone module encapsulation. 

 

In addition 1 patent application has been filed as an outcome of the project. 

Within R2M-Si several processes have been developed and optimized for cutting the way to a cost 
effective and more sustainable PV module fabrication shorter. It is now up to European actors to 
capitalize on the results. 



5. Website and relevant contact details 
 

The R2M-Si public website is available at: http://www.r2m-si.eu 

 

 
6. List of main project contacts  
 
ISE Stefan Reber stefan.reber@ise.fraunhofer.de +49 761 4588 -5248  

IMEC Kris van Nieuwenhuysen vnieuwen@imec.be +32 16 28 17 73 

SINTEF Tanja Pettersen tanja.pettersen@sintef.no +47 98230444 

IOFFE Ekaterina Astrova east@mail.ioffe.ru +7 812 292 79 57 

UKON Barbara Terheiden barbara.terheiden@uni-konstanz.de +49 7531 88-2079 

S'TILE Alain Straboni alain.straboni@silicontile.fr +33 5 79 79 60 14 

RENA Holger Kühnlein holger.kuehnlein@rena.com +49 761 150634 529 
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