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Concepts Proposed Year | Calculated Maximum Efficiency
Multi-Junction 1955 86.8%
Multiple electrons/photon 1972 85.4%
Hot Carriers 1981 86.2%
Multiple Band 1997 86.8%
Quantum Well 1990
Impurity PV 1960 77.2%
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Table 2: Resulis of solar cells made from FZ£ and high-
quuality mc-5i measured under standard testing conditions
(25 S0, 1000 Wim®, AM 15 g). The size of the cells is 1
cm® aperture arcs,
" Independently measured a1 Frannhofer 1SE Callab,
" Independemly measured ai NREL
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Tvpe of technolozy Project Froject Froject
ACCOnYym conrdinator

IMR-cells on ceramic | Substrate and bamier layer optimization for CVD-grown thin- | SUBARO IMEC

substrate (51N, Si1510) | film crvstalling 51 solar cells

Epitaxial cells on Silicon Waler Equivalenis based on crystalling silicon thin- | SWEET ISE

» Reclaimed Si film solar cells grown Epitaxially on low-cost  silicon
substraics

& BG-51 (CVIN High-throughput Epiiaxial Reacior development for selar cell | EPIMETSI ISOFOTON
manulzciuring from MO-Silicon

& BMG-5i (LPE) Thin Mlm crystalling silicon solar cells on metallur-gical TREASURE ELKEM
silicon substraie

& RGS-ribbons (sec above) SUBARD IMEC
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solar cells on Thin, Efficient and Low-Cost Crystalling 51 Solar Cells

& Mullite, glass

= Nullite Large-grain thin-film crystalline 51 solar cells on cermmics LATECS IMELC
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Conductive substrate route

Non-conductive substrates

Monolithic modules

Thin-film Epitaxial cells Epataxial cells with SME-hased 51 EMR-based Polvcrysialling 51

technabogy optical confingment solar cells on a approach on a 0N CCTAMIC or

sEneration comductive non-conductive glass substrale
ceramic subsirale

Cost target 1.3-1.5 8/"Wp I-1.3 & 1- L3 8%Wp < L38W < 18w,
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Table 3° Roadmap for introduction of kigh-temperature covstalling Si thin-films into solar cell production

Project acronym Substrate development Active layer development Cell results

Epivaxial approach

SWEET Highly doped substrates made | ConCVD: epiueaal growth of | 12.1% (3x5 cm”; reclaimed Si)
from off-spec and reclaimed [ 10 pm epi on 30 substmates | 11.6% (3x5 cm’; olf-spec 5i)
51 wilhin 13 min

EPIMET=I Large-area MOi-51 subsirate | See concept in Table 1 12.9% (6xi cm™)
(100160 ) 12, 2% (1010 cm)

TREASURE Large-area MOG-51  subsiraie
(105 1) cm’)

SUBARCY Large-arca highly  doped | See SWEET 10 4% (4 cm”)
R{i5-subsiraics {3x5 cm®) P (5x5 cm)

LATECS Lifted-pofl porons Si-layvers Epi on freestanding PS 12, 1%

e (HIT-process)

Episaxial and ZMR-cells

SUBARC Process for tape-casted SiN | ZMR of cemmic substmates | 87 (3x5 om~;  sirongly
{ 10% 10 cm®) developed with 20 cm  widith  and | comaminaied RGS-ribbons)
Process  for highly  doped | improved reproducibiliny with | 1007% (1x1 cm; SiSiC-subsiraic)
RGS-ribbons SiC imtermeediate laver 9% {1xl cm’; pe-casted  Sil-

subsiraic)

Polverysialline Si solar cells

METEOR M substrate  development | Gruin siec wp to 200 pm afier | #-3% (1x] cm™, mollile substrate)
involved, but the activities are | ALILE  ircatment on gliss
on glass, Al and mullite subsirtes and 10 um on

ceramic subsiralcs

LATECS Innovative mullite subsirate | Enhanced grain size (5-10x) | In development
consisting ol industrial | by means of CVD on mullie
mullitic covered with high- | subsimie covered with
purity  mullilc  and  high- | specifically developed coating
quality sudace finish

Table 4; Overview of main achicvemenis/project; not all cells are filled because actvity 15 not conwined within the

concerned project
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Figure 5: Generations of injection-molded Fresnel lenses
Top-left: 1st peneration flat design (400 X, 773 % of
peak efficiency, 2001

Top-right: 2nd generation half-dome design (400 X,
1.5 % of peak efficiency, 2002

Bottom-left: 3rd generation full-dome design made by
collapsible molding die (400 X, 3854 " of peak
efficiency

Bottom-right: 4th generation full-dome design made by
collapsible molding die (556 X, 91 "% of theoretical

efficiency)
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Figure 9: Top view of the concentrator receiver after
lamination process,

Figure 10: Field test in Inuyvama Site 25 km North from
sza, 3 km South from a big river constructed on sunken
place, little wind
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Figure 13: Comparison to a commercial flat-plate
erystalline silicon module

Table 1. Roadmap table of more than 31 % efficiency module

Technologie

Technologie

Technologie

Design in Technologics
g in  Nov. s in  Mar. | | &= in Mar
Aug. 2003 in Mar, 2005
2002 2004 20016
Al cel Efficiency i@ lsun 0.1 % 30.3 % il%
B | e Efficiency 400 X 34405 A53 % 37 % 40 %
C Lens Efficiency T2.4 % BS54 % BES.E " Q] %
D | Homogenizer Efficiency 94.4 % Q6.3 % 975 % 975 % 975 %
E | Ohmic Loss in Circuit 0.1 % 0.1% 0.1 % 0.1 % 0.1 %
F Spectnum Mismatching Loss 3% LR 3 %
G | Cument Mismatching Loss 3T % 3T% 2% 2% 2%
H | Loss by Temperature Rise 1.2 % 1.3 % L3 % 1%
I Total Efficiency 21.7 % 27.0 % 2005 =200 =31 %
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Figure 4: Scenario of electricity cost reduction by

Figure 3: Future predictions of solar cell efficiencies developing concentrator solar cells.

iOriginal idea by Professor A. Goetzberger [11] and
modified by M. Yamaguchi)
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Figure 1: Schematic illustration of a flexihle thin-
il InGal Casds doml junction scdar cell
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