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Dr. Yukinori Kuwano,

President of Photovoltaic Power Generation Technology Research Association
“THE PHOTOVLTAIC POWER GENERATION ERA IS COMING (GENESIS)"
Dr. Minh Le,

Department of Energy, USA

“SUNSHOT INITIATIVE”

Prof. Takao Kashiwagi,

Tokyo Institute of Technology

“NEW PERSPECTIVES ON ENERGY POLICY IN JAPAN"

Mr. Keisuke Murakami,

Director, New and Renewable Energy Division

Agency for Natural Resources and Energy

Ministry of Economy, Trade and Industry,

“SOLARPOWERANDRENEWABLEENERGYPOLICIESINJAPAN"

Dr. Stefan Reber,

Fraunhofer Institute for Solar Energy Systems (Germany)

“TECHNOLOGICALSTRATEGY ANDACHIEVEMENTSINSILICONMATERIAL
DEVELOPMENTFOR LOW COST, HIGHLYEFFICIENTSOLARCELLS”
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AreaTopics

1) Advanced Technologies for Crystalline Silicon Materials and Solar Cells
2) Amorphous, Microcrystalline and Other Silicon Based Thin Film Solar Cells
3) CIS, CdTe and Other (lI-VI) Ternary Thin Film Solar Cells
4) Concentrator Photovoltaic and Space IlI-V Solar Cells
5) New Concepts, Materials and Structures
Dye Sensitized and Organic Thin Film Solar Cells

6) PV Modules and Systems Including BOS Components, Testing, and Reliability
7) PV Deployment

Conference Highlights

Area 1

Advanced Technologies for Crystalline Silicon Materials and Solar Cells

PUSEC 1
# Crystal Growth and Materials Characterization
» Fundamental investigation of silicon crystallization has
been studied for high quality multicrystalline silicon
formation. (Tohoku Univ., JAXA, Kyoto Univ.)
» Slicing technology and recycling process of silicon
powder have been investigated. (Kobelco, TUAT)

# Technologies for Higher Efficiency Si Solar Cells
» High efficiency around 23% Hetero-Junction Back-
Contact cells have been realized. (LG Elec, Kaneka)
» Many kind of emitter tailoring technologies have been
studied. (ECN, NAIST, UNSW, TUAT, etc.)

» Back Contact cells are also presented. (ISC-Konstanz,
UNSW)



(continued)

» Low temperature and low cost Cu-based metallization
have been investigated. (AIST, Kaneka)

» Formation methods for fine line electrodes have been
demonstrated. (Motech, centrotherm, Shinsung, etc.)

» Metal Wrap Through cells have been studied.
(Fraunhofer ISE, Zhejiang Univ.)

#®Modeling, Analysis, and Characterization of Si Cells
» Detailed analysis and characterization by EL, PL,
spectroscopic ellipsometry, etc. have been progressed.
(Hamamatsu Photonics, Gifu Univ., NAIST, etc.)

J Area 2

7~ Amorphous, Microcrystalline and Other Silicon Based Thin Film Solar Cells

INTERNATIONAL

PVSEC-21

High Stabilized Efficiency Modules (~1.4 m2)
10.8% Tandem (Oerlikon Solar from EPFL)
10.7% Tandem (Sanyo)

10.4% Triple (LG)

High Stabilized Efficiency Cells (~1cm?)

12.3% Tandem (Oerlikon & Corning (from EPFL))
12.2% Tandem (Sanyo)

New Light Trapping Techniques
Multi Scale Textures (Asahi Glass, EPFL, TIT, Delft univ., etc.)
Refractive index control for anti-reflection/high-reflection/
New index for very high Haze (Texture morphologies, Angular-distribution)

New Material Concepts
Divacanciy model for a-Si
SiOx window layers
New process for thin film crystalline silicon
Nano-Ink electrodes, BaSi2 active layers, etc.



Area 3
CIS, CdTe and Other (lI-VI) Thin Film Solar Cells

Plenary
History of R&D and manufacturing plan of SF (Dr. Kushiya)

Cell Technology

R&D activities in Korea (KIER)
Behavior of Na during three stage process (HZB)
New materials ZnCulnS, , Cu(Al,In)S,, Culn,Te; and
Ag(In,Ga)Se,
Module Technology
Module (90x120cm?) with Eff,,=15.76% (Solar Frontier)
Monolithically-integrated submodules
on zirconia (15.9%) by AIST
on stainless steel (15.0%) by FUJIFILM
Printing technique for grid formation at LT (DNP)

Characterization

Role of oxygen in Zn- and In-based buffer (Kagoshima Univ.)
Atomic reconstruction of Cu-In, O-S at the grain boundary (HZB)
Optical absorption coefficients small? (Gifu Univ.)

Cu-Se phase observed for high Ga-CIGS (Tsukuba Univ.)

Special Session: Potential of CIGS and new Materials for GW production

Current status and prospects of CZTS solar cells (IBM)
n=18.7% flexible solar cell on Pl at LT (EMPA)
History and critical issues of CZTS solar cells (NNCT)

CZTSSe

n=8.09% submodule with aperture area 14.9cm? (Solar Frontier)
Various deposition techniques reported.



Area 4

Concentrator Photovoltaic and Space llI-V Solar Cells
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New world record of 36.9% (AM1.5G, 1sun) and over 43% (~500suns)
were achieved with Inverted triple-junction by Sharp Corp.

Constructive discussion on
» advanced concepts such as “Inter-Mediate-Band” and “Hot-carrier”
« measurement of effectiveness on quantum wells or dots sub-bands

Productive discussion on optimal solar cell or module structures
with consideration of usage environments for CPV or space applications

Area 5
DSC, OPV, and Nanostructured PVs
PVSEC-21

Invited: 9. DSC: 74 (oral 19), OPV:56 (oral 8), Nanostructured PV: 50 (oral 11)
Total: 189

Summary

High efficiency, low cost, stability, large modules, plastics, |, free electrolytes,
Quantum dots, Pt free counter electrode, solidifications, antireflective, fabrication of
nanostructures and their characterizations. TCO layers.

Efficiency: DSC cell 11-12%, Module: 8.1% monolithic, lodine free, 7.9%.
Special session on OPV: 5.5% (Phase segregation control, Toray), 8.1 % (IR
polymer by Sumitomo Chem.), 10% certified (Development of IR materials
Mitsubishi Chem.), 5.1 %(Development of ETL material JX), -1000nm, (IR polymer,
University of Tokyo,

Each item

@®1C-5-01: H. Segawa The University of Tokyo

Aiming at high efficiency. Development of new IR dyes. Tandem 11.3 %. 10%
@®1C-51-02: K. C. Ho. National Taiwan University

Aiming at low cost DSC. Pt-less electrode. Polymer conductor ::7.88 %:

@®1C-50-05: N. Kato Toyota Central R & D Lab.

Aiming at high stability. Ru complexes had better durability than organic dyes.
@®1C-50-06: H. Arakawa. Tokyo University of Science.

Aiming at high efficiency: Light confinement structure. 11.6 % efficiency.

@®1C-50-02: L. Han. NIMS

Aiming at high efficiency: Combination of dyes and co-adsorbent : 11.4% (certified)



@®4A-PL-01: Y.-B. Cheng. Monash University.

Aiming at plastic DSCs. Isostatic pressure method for plastic DSCs. 6.3% efficiency
@3C-51-01: Tingli Ma, Dalian University of Science.

Aiming at low cost and duarbility: Pt free low cost counter electrode for DSCs: 7.5 %.
Establishing a venture company on DSC fabrication.

@®2C-50-08: R. Komiya, Sharp

Aiming at high efficiency modules: 8.1 % efficiency (24.2 cm2) monolithic.
@3C-50-02: S, Moribe, Toyota Central R&D Center.

All solid dye sensitized solar cells with Cul. 6% Efficiency.

@3C-50-08: H. Ookita, Kyoto Univeristy

Aiming at high efficiency: Concept on dye-sensitized OPV.

@3D-5P-27: M. F. Budiman Tohoku University.

Fabrication of 2D-array of Si Q-DOT.

@2D-5P-46: N. Watanabe Tokyo University of Science.

Fabrication of flexible DSCs by Roll pressure. 6.4%

@2D-5P-19: A. Kikuchi, Waseda University

lodine free electrolyte, 7.9%

@2D-5P-40: Y.Okuyama, Tokyo University of Science

Surface passivation: 10.7%,

@ .4D-5P-42: L. He,

Si nanowires/organic hybrid solar cells. 10.3% efficiency.

Area 6

PV Modules and Systems Including BOS Components, Testing, and Reliability

INTERNATIONAL
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®Sources of uncertainty in energy rating have been shown to be the degrada-
tion rate, method of parametrization, and the in-plane irradiance estimation.
®The accuracy of different |-V curve translation methods has been
demonstrated based on experimental |-V curves of vaious kinds of PV modules.
®Performance measurement of IlI-V multi junction PV devices, such as solar
simulators, spectral responses, EL and sectrometry, has been demonstrated.
®|ssues in PV integration to the grid are discussed and solutions are
presented in the areas of ;

-Voltage control in distribution network *Islanding protection

*Fluctuation and smoothing effect *Fault-Ride-Through

*Forecast
®Reliability of PV modules are discussed. Novel module structures and
materials for high reliability PV modules are proposed. Quantitative discussion
on reliability of PV modules is carried out. Degradation mechanism by
destructive analyses of PV modules exposed outside for long years is clarified.
Novel reliability test methods are developed for judgment of real lifetime of PV
modules or for shortening test time.



Area 7
PV Deployment
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* R&D programs:

. US Sunshot Initiative, M. Le, DOE

«  Germany R&D, L.Wissing, Project Management Julich,

+ Market trends and cost analysis:
« 2011 installed capacity: 22GW, P.Mints, NAVIGANT
+ 2011 top3 countries: ltaly:6-8GW, Germany:4.5-55GW, China : >2 GW
+ 2012 will be adjustment period, consolidation will advance
+ Significant price down => Grid parity is close!
+ Still x-Si has potential for cost down, T. Saito, TUAT
* Local production of CPV, K. Araki, Daido Steel

» Importance of sustainability — Environmentally friendly approach:
» Efforts of PV Cycle in EU, K. Wambach, Sunicon
» Countermeasures for toxic material, J.H.Werner, University of Stuttgart

« Special session on the industry: PV in Asia (TPVA, KOPIA, JPEA)
» Vertical vs Horizontal consolidation and differentiation
» Government support s is till important after grid parity: R&D, etc.
+ Strategies to survive in tough environment

=17,



Best Paper Award
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Award Winners of “Best Paper Award”

J. Hernandez, KANEKA Belgium N.V, Belgium
(3A-10-05) “HIGH EFFICIENCY SILVER-FREEHETEROJUNCTION SILICON SOLAR CELL"

J. Kwangsun, LG Electronics, Korea

(3A-10-06) “THE EMITTER HAVING MICRO-CRYSTALLINE SURFACE IN SILICON
HETEROJUNCTION IBC SOLAR CELLS”

M. Despeisse, Ecole Polytechnique Federale de Lausanne (EPFL),

Switzerland

(4A-20-04) ADVANCED SUPERSTRATES FOR HIGHEFFICIENCY THIN FILM SILICON
SOLARCELLS

S. Kijima, Solar Frontier, Japan
(2B-30-01) EFFECTS OF GRAIN STRUCTURE ONCu(InGa)(SeS)2 THIN-FILM SUBMODULES

D. Abou-Ras , Helmholtz Zentrum Berlin(HZB), Germany

(3B-30-01 D) CONFINED AND CHEMICALLY FLEXIBLE GRAIN BOUNDARIES IN Cu(In,Ga)Se2
THIN FILMS

A R A R R

4

A. Yoshida, Sharp corporation, Japan
(4B-40-01) DEVELOPMENT OF InGAP/GaAs/InGaAs INVERTED TRIPLE JUNCTION SOLAR
CELLS FOR CONCENTRATOR APPLICATION

H. Arakawa, Tokyo University of Science, Japan
(1C-50-06) “IMPROVEMENT OF SOLAR CELL EFFICIENCY OVER 11.0% BY OPTIMIZED LIGHT-
CONFINING EFFECT AND DYE-COCKTAIL IN A BLACK-DYESENSITIZED SOLAR CELL"

L. Han, National Institute for Materials Science (NIMS), Japan
(2C-50-02) “HIGHLY EFFICIENT DYE-SENSITIZED SOLAR CELLS"”

Y. Ueda, Tokyo Institute of Technology, Japan
(2€-60-01) DEVELOPMENT OF THE SIMPLIFIED YIELD ESTIMATION MODEL FOR SELF
DIAGNOSIS SUPPORT OF RESIDENTIAL PV SYSTEMS

K. Matsuda, Toray Research Center, Japan
(2D-6P-20) STUDY OF THE DEGRADATION PROCESS FOR SILICON PHOTOVOLTAIC MODULE

-19 -



Young Researcher Paper Award
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Award Winners of
“Young Researcher Paper Award”

ARG BRI L R e N nd S R

1

K. Kutsukake, Tohoku University, Japan

(2A-10-02) “STUDY OF DISLOCATION GENERATION DURING TWO-DIMMENSIONAL
GROWTH OF MULTICRYSTALLINE SILICON™

H. Lee, Meiji University, Japan

(3D-1P-17) “03-BASED ALD PROCESSED ALUMINUM OXIDE PASSIVATION FILM FOR C-
SILICON™

T. Suezaki, KANEKA Corporation, Japan

(4A-20-01) ADVANCED SUPER LIGHT TRAPPING OF HIGH EFFICIENCY THIN FILM Si
SOLARCELL

M. Victoria, Universidad Politechnica de Madrid, Spain
(4B-40-05) HIGH EFFICIENCY PHOTOVOLTAIC CONCENTRATOR USING A SINGLE
REFLECTIVE STAGE AND A FLUID DIELECTRIC

R. Komiya, Sharp Corporation, Japan
(2C-50-08) “IMPROVEMENT OF THE CONVERSION EFFICIENCY OF A MONOLITHIC TYPE
DYE-SENSITIZED SOLAR CELL MODULE”

Y. Tsuno, National Institute of Advanced Industrial Science and

Technology (AIST), Japan

(4C-60-01) COMPARISON OF CURVE CORRECTION PROCEDURES FOR CURRENT-VOLTAGE
CHARACTERISTICS OF PHOTOVOLTAIC DEVICES

-13 -



Student Paper Award
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1

Award Winners of “Student Paper Award”

B. Thaidigsmann, Fraunhofer Institute, Germany
(1A-10-12) “MANIPULATION OF THE REVERSE BIAS BEHAVIOUR OF SILICON SOLAR CELLS”

S. Takamoto, Nara Institute of Science and Technology, Japan
(4D-1P-27) “EVALUATION OF SUBSTRATE DEFECTS BY TEMPERATURE DEPENDENCE OF
SPECTROSCOPIC ELECTROLUMINESCENCE™

Y. Sago, Gifu University, Japan
(2A-20-04) MAPPING CHARACTERIZATION OF SnO2:F TRANSPARENT CONDUCTIVE OXIDE
LAYERS BY ELLIPSOMETRY TECHNIQUE

X. Zhang, Tokyo Institute of Technology, Japan
(1B-30-07) MECHANISM OF AIGS FILMS GROWN BYTHREE-STAGE METHOD AND SOLAR
CELLPERFORMANCE

K. Nakashima, Aoyama Gakuin University Japan
(2D-3P-14) WIDE-GAP CIGS SOLAR CELLS WITH ALD-ZN(0,S) BUFFER LAYERS

S. Sugiyama, Toyohashi University of Technology, Japan

(5B-30-01) CHARACTERIZATION OF ZINC OXIDE-SULFIDE THIN FILM FOR THE CIGS
SOLAR CELL BY CHEMICAL BATH DEPOSITION

K. Yamaguchi, Nagaoka National College of Technology, Japan
(5B-30-06) COMPOSITION DEPENDENCE OF PHOTOVOLTAIC PROPERTIES IN Cu2ZnSnS4

Mo e oha s el s e s ]

4

H. Fujii, The University of Tokyo, Japan
(2D-4P-13) A LARGE NUMBER STACK OF EG=1.2EV INGAAS / GAASPMULTIPLE QUANTUM
WELLS WITH GRADED BUFFERLAYERS FOR ENHANCED INFRARED RESPONSE

Y. Okuyama, Tokyo University of Science, Japan
(2D-5P-39) “EFFECTS OF SURFACE MODIFICATION OF TIO,PHOTOELECTRODE ON THE
PERFORMANCE OF DYE-SENSITIZED SOLAR CELLS WITH BLACK DYE"

M. F. Budinan, Tohoku University, Japan
(3D-5P-27) “OPTICAL CHARACTERISTICS OF 6-NM SI QUANTUM NANODISK ARRAY
STRUCTURE BY BIO-TEMPLATEAND NEUTRAL BEAM ETCHING”

L. He, Nanyang Technological University, Singapore
(4D-5P-42) “SIMPLE APPROACH SILICON-NANOWIRES/ORGANIC-SEMICONDUCTOR
HYBRIDSOLAR CELLS BEYOND 10% EFFICIENCY™

J. Zhu, Loughborough University, UK

(2D-6P-22) AGEING OF AMORPHOUS SILICON DEVICES IN DEPENDENCE OF IRRADIANCE
DOSE

-14 -
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