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Technology Trends and Prospects of Silicon Solar Cells
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ABSTRACT: The current solar cell industry is experiencing a temporary plateau due to a sluggish economy and oversupply. It is expected
that the solar industry can see similar growth to that of the recent past by overcoming the current situation, as there is growing demand
globally for solar energy. The current situation led to restructuring of the world's solar industry, and domestic firms will need to have
competitiveness through strategic approaches and proprietary technology to survive in the global solar market. Crystalline and
amorphous silicon based solar cells have led the solar industry and occupied half or more of the market thus far. They will do so in the
future PV market as well by playing a pivotal role in the solar industry. In this paper, the current status and prospects of silicon based solar
cells, from materials to comprehensive and high efficiency technology that can emerge in the future, are discussed.
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subscript

QSC : quasi-single crystalline

PERL : passivated emitter rear localized
HIT : heterojunction with intrinsic thin-layer
BCSC : buried contact solar cell

IBC : interdigitated back contact

LID : light-induced degradation

a-Si : amorphous silicon

ue-Si : micro-crystalline silicon

nc-Si : nano-crystalline silicon

MEG : multiple-exciton generation
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e 1990's 2000's 2010's 2020's
MIEARE (300 wfs/h) (1,000 wfs/h) (2,500 wfs/h) (5,000 wis/h)
Type P-type(4") P-type(5") P-type(6") P-type(8") N-type
Wafer Thickness . 500 . 350 . 200 ' 120 120
(um) Si 25%/kg Si 30%$/kg Si 120%/kg Si < 20%/kg (Yield?)
Ingot (100kg ingot) (100kg ingot) (600kg ingot) (1200kg ingot) ’
Structure Homogeneous Homogeneous Homogeneous SE, PERC, MWT, EWT,
) Emitter Emitter Emitter + SE MWT, EWT BIC, Tandem
Emitter Rs Rs Low Re70
ow Rs-
(ohm/sq) 20 30 %0 HighRs-120 120
Front ARC TiO, SiNx SiNx SiNx AlO3/SiNx
Screen Print Screen Print
Method Screen Print Screen Print Screen Print Plating Plating
Layer Transfer Layer Transfer
Metallization|  \5terig) Ag Ag Ag Al, Ni+Cu+Sn Al, Ni+Cu+Sn
Width(um) 150 100 80 60 60
Thickness(um) 10 15 20 30 30
BSF Al-BSF Al-BSF Al-BSF Local BSF Local BSF
Rear Passivation N/A N/A N/A SiNx, SiOz, Al203 SiNx, SiO2
Table. 4.1 Records of thin film silicon technologies
Classification Eff.(%) Area(cm?) Voe(V) Jsc(mA/cm?) FF(%) Test Centre(DATE)
a-Si 10.1+£0.3 1.036 0.886 16.75 67 NREL(2009/07)
nc-Si 10.1+£0.2 1.199 0.539 244 76.6 JQA(1997/12)
a-Si/uc-Si(Tandem) 11.9+0.8 1.227 1.346 12.92 68.5 NREL(2010/08)
a-Si/uc-Siluc-Si(Triple) 13.4 1.006 1.963 9.52 71.9 NREL(2012/07)

Source : Solar & Energy, July 2011 and NREL PV efficiency chart
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Table. 4.2 Technology goals and key R&D issues for thin film silicon technologies

Thin film technology 2010— 2015

2015 — 2020 2020 — 2030

Efficiency targets in %

0,
(commercial modules) 10%

12% 15%

* High rate deposition
* Roll-to-roll manufacturing
» Packaging

Industry
manufacturing aspects

« Simplified production processes
* Low cost packaging

» Large high-efficiency production units
* Availability of manufacturing materials
* Recycling of modules

* Large area deposition processes
* Improved substrates and transparent
conductive oxides

Selected R&D areas

* Improved cell structures
* Improved deposition techniques

* Advanced materials and concepts

Source : Technology Road map Solar photovoltaic energy, OECD, International Energy Agency (IEA) 2010
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