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NATIONAL INSTITUTE
OF SOLAR ENERGY

Silicon Solar Cells

The R&D “Restaure” Platform for the development of industrial
Silicon Solar Cells
_':!l Ot}jectives i
"5_ « Improve manufacturing processes and cell efficiencies
| * Reduce cell processes cost
« Introduce new “nanotechnology” concepts
| » Test and Validate new equipments

e

S;)euzi’ric features :

= Semi-industrial equipments for rapid technology transfers
« Accessible to public laboratories and industnal pariners
< \Wafers size up to 210 mm x 210 mm

Eqnipmema :

* Chemical wet bench
* Phosphorous and Boron doping fumaces
« Silicon Nitride and Silicon Oxide deposition by PECVD
« Screen prinfing equipments
* IR heilt fumace
+ Laser fior Edge Isolation
* lluminated and Dark 1(%) characterization tool
» Spectral Response
« y-PCD for lifetime mapping
= « LBIC
" erman piioling amsipment | - Ellipsometer, Sheet resistance mapping

Last results using indusirial cell technology (homo-junction / screen printing)

Cell Voo (mV) lee {mAfem®) FF (%) Efficiency (%) I
Multi-crystalline Sificon 150 mm x150 mm 620 33.5 78,4 16.3 I
Mono-crystalline Silicon 125 mm x 125 mm 620.8 36.3 78 17.6* I

* ingependenty cordrmen
New developments

« Selective Emitters
« Hetero-junction
« Rear Contact Cells

« Low cost metallization and doping procedures
« Manotechnology

210 mm x 210 mm: Cedle st various
manufacturing stages
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Organic Solar Cells

Dhjeciives:
« Increase of the power conversion efficiency by process
improvement and new materials synihesis
« Development of large area flexible arganic solar cells

« Increase of cells lifetime by understanding the degradation
mechanisms and encapsulation.

Fiaxible Organic Solar cell on PET

Specific features:
« Organic materials are used as actives components in organic
photovoltaic cells.
« Low temperature, roll-to-roll compatible process.
= Ultra thin cells, less than 0.2 mm

Equipment:
« 250 m? laboratories, with 80 m® technological room dedicated to
device realization and characterization.

* 4 Glove Boxes ; Nitrogen atmosphere with O, and H.O ppm
controlled.

« Advanced characterizations facilities (photo-physical study of
matenals, AFM topography...)

« Ultra-harrier materials study facilities (Highly sensitive
permeameter)

Voc (mV) | lsc (mAlcm?®) FF (%) | Efficiency (%)
Organic =olar cell, 1.22 cm® on glass 639 12.6 57.6 4.64
Organic solar cell, 028 cm® on PET 594 10.23 549 3.3
Organic solar cell, 9 cm® in series, on glass 1840 3.75 43.4 3.0
W = 0530 W .
- 12ss * up to 100100 mm organic solar celis
JFr-s75 * Module connection
ra=4.64 % * Reverse structure
24 * Low cost process, low temperature
A * Inkjet printing
= .".'."F:_. . T T
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NATIONAL INSTITUTE
OF SOLAR ENERGY

Silicon solar cells:

Innovative concepts and nanotechnologies
Ohjectives: very high conversion efficiency

« Semiconductor nanoparticle compatible with silicon process
« Metallic nanositructure and enhanced optical efficiency
« Manowire and nanotube structures (silicon, carixon.__) in PV
« Manotechnology process integration
« Wavelength spectral conversion

Technoimgiea available:

= 2-step nanoparticles production and deposition

* Particle production (wet process, laser process)

- Particle deposition (dip-coafing, spin-ceafing. printing)
« Single-step nanomaterial deposition

- PECVD thick layer

- CVD & annealing cycles
- Cluster beams

« Nanowires growth
- Catalyst deposition and patterning
= CVD growth (LVS method)

- Emcapsulation for large scale process integration
* Nano Characterisation Platform

- MEB, TEM, optical, X-ray, electrical...

Research stakes: Nanostructures and PV

« Semiconductor nanomatenal allows multijonction PY architectures
* Manowires should enhance electrical perfformances

« Metallic nanostructures could enhance opfical efficiency, especially for thin films
« Complex nanostructures allow engineering of spectral conversion layers
« Simulation : transportafion ! structure

*“T@®

= Bllicon nanoparticles deposlted by » Encapsutaied nanowirss, grown by CVD,
PV calis walng plasmon effect =0i-gel spin-coating on 10Gmm parfialy sncapeulated wifts aliica, poltahed
walars
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Photovoltaic Modules

G hallenge
« The economic profitability of photovoltaic systems depends
on their electric production.
« This production depends on many parameters:
« the solar resource,
« the performance of the modules
* the performance of the inverters
* the evolution of the performance during time.

Our expertise on modules
« Specialized since 1977 in the characterization of
modules and systems in outdoor conditions.
« Measurements on the modules for the prediction

of the energy production

. EImpIE methods for the Dmd[ﬂmn of the module Dilrboton foncton of T8 snergy produced By mocues as afunchan of

performance for any climate O i by o e i i e e

* Measurements of the module energy production ?15 S

« Accelerated ageing of the modules oo it g B \

« Equivalent circuits for simple modelling g fsy ciTEreaarh sy \
Our expertise on irradiance sensors %:E

- Calibration of pyranometers |

« Intercomparison of reference cells '! oo ) 04 LE 08 | 1.2
Fﬂcilitie& Phoboenitaic array power {Pymy Freriwermnc |

- Two outdoor measurement platformes:

* Chambery (French Alps)

* Cadarache (South France).
« Reference devices:

« 3 channels for the calibration of pyranometers with an absolute cavity radiometer

= 30 channels for the intercomparison of reference celis
« Module characterization:

« short term characterization, 5 channels (100V-20A-400W) for

* long term characterization, 24 channels (100V-284) (Cadarache and Chambery)
« Meteo stations with tracker and spectroradiometer
« Thermal behavior of BIPY modules

o AR
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Electrical storage systems
“STORE”: A unique Storage System Test Facility In EUTDPIW

Ol}jectiv Bs:
Selection of best storage technology for each application:
* Performance assessment

« Lifetime assessment
* Understanding and reproduction of ageing mechanisms.

Development of energy management tools to:
« Extend battery life span and reduce recycling requirements
« Increase service efficiency at lowest cost.

' Speciﬁc features:

« Electrical tests: perfformance and ageing festing

« Battery post-mortem analysis

« Energy management and battery operation strategies:
optimized pulsed recharge currents, SOC and SOH indicators,
low cost reference electrodes

= Simulation tools and modeling

Fau::ilities

« 40 test benches (20%-304) temperature controlled haths (12 baths)
« 20 test benches (500V-700A) in climatc chambers (- 40°, + 60%)

* Chemical lab: Chemical titration, Scanning Electran Microscopy

« Microgrid to test several system configurations with storage

.
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Photovoltaic systems

Objectives :

« Reducing cost of solar systems

« Improving performance (quality, reliahility) and value of grid-
connected systems

« Developing new technological solutions, particularly as part
of building integration.

RESEﬂrCh themes :

. Photovoltaic modules

. Grid-connected systems

. Stand-alone systems

. Integration within consumer applications
. Building integration

Equipment :
« Platform for the research and integration of electric solar systems (PRISMES)
« 100kW PV generator
= 1000kVA MT/BT transformer
« Micro grid connecting INES campus
« Generator unit
« Centralized control
= “Grid productivity” measurement benches
+ Inverter characterization benches
« Grid analyzer and simulator
« Platform for stand-alone PV systems
« Measurement bench for stand-alone PV systems
= Electronic workshop
= Storage platform
« Electrochemical laboratories and material analysis
« Cycling bench up to 500VIS00A
» Measurement platform in outdoor conditions at Cadarache (Bouches-du-Rhine)
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