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Si  Shortage

Si Si
Si
J. Poortmans IMEC “ Photovoltaic and Microelectronics: Going Their Own
Way or Still Cross-Fertilizing (2CP.1.1)"
2004
2000 200
PERL passivated emitter, rear local
PV
Si
Si Atomic Layer Deposition
Al,0,
Si Al
Ge-on-Si Si
Si co,

www. imec.be/wwwinter/energy/publications2005.shtml

Device part Challenge Traditional New materials/devices
material

Ciate dielectncum Increasing  eate capacitance without further | 5i0- High-k dielacinica
increase of cafe leakaee

Intermetal dielecincum Reducing  intermetal capacilance 1o reduce | S04, SisM, Low-k dielecirica
propazation  loss  (RC-constant  of  the
interconnneclions)

Interconnects Reducing interconnect resistance (RC-constant | Al Cu

of the inierconnnections)

Semiconducton Increasing drive current of the transisiorn Si Strained  5i,  unstrainad
and sirainged Cie

Table 1: Schematic overview of the main changes on the level of material sel for CMOS-devices

W.C. Sinke ECN “ The CRYSTALCLEAR Integrated Project: Next Generation
Crystalline Silicon Technology from Lab to Production (2E.1.5)" EC
“ CRYSTALCLEAR” BP Solar DeutscheCell

Deutsche Solar |Isofoton Photowatt REC Scanwafer Shell Solar RWE Schott Solar
ECN CNRS Fraunhofer ISE IMEC Univ. Konstanz UPM Univ. Utrecht
W.C. Sinke ECN
Si 13.5 16 2010
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SPE: Sustainability
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Testing ! S lowecost silicon, one-materal
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D. Weidhaus

CRYSTALCLEA

Wacker-Chemie

Pilot Production of Granular Polysilicon

from Trichlorosilane by Using a Fluidized Bed-Type Reactor (2CP.1.2)”"

Si

1 10Q cm

Deposition
Si
2006

R.W. Swanson(SunPower)

Silicon Solar

ells Become?

100 Si
2004 10 150 720p m
7 10p s 1000
2006 2007 2008
200 Si
Si VLD; Vapor to Liquid
30 2005

Si

1000

“ How Close to the 29% Limit Efficiency Can Commercial
(2EP.1.1)”
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Figure 1. Progress in calculated limit efficiencies. { AMO efficiencies have been adjusted to AMI1 by adding 109 relative.)
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Fizure 2. Impact of defect mediated bulk recombination on limit efficiency.
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Si
PV News
2004 2005 -plan
Sharp 324.0 450
Kyocera 105.0 150 - 170
BP Solar Gr. 85.8 105
Mitsubishi 75.0 100
Q-Cells 75.0 140 - 170
Shell Gr. 72.0 90
Sanyo 65.0 120
RWE Gr. 65.0 95
Isofoton 53.3
MOTECH 35.0 85
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Mass Production Si Solar Cells (2D0.2.4)" Si

10cm/s 100cm/s
SINX S10,/SINX
SiNx SiNx
SINX
Si SiNX (DL)SiNx
+
(T0)Si10,/ CVD(APCVD)SiO0, DL Si0,
SiNx * Cz
95mm  95mm
20.5
Ag 19.3
20
400 18.5 p r r r Y
350 18.0 l_ 1
_ 175
E £ 1ok
& 20 = E .
150 16.5E i
11} 16.0F
) : E
S0 I5.5E L L L L
.5 0 15 0 A5 40 DLSI0, SLSIN ML SLSiN
Refractive index n of SiN, {low m) {high n})
Fipure 7: Conversion efficiencies of selar cells which
Figure 5: Effective lifetime of Cz wafer with SLSIN as rear surface are passivated with DLSi0:, SLEIN(low n),
a function of refrctive index n of SLSIN ML and SLE 1M high nj.
Cz Si
SiNx
Texture Front surfade passivation
3 é 20.5
Table IV: PV performances of 20,5 % efficiency solar
n-5i cell.
Arealom®)  JsamAenr i VooV FF. i %)
o025 33 0.631 0706 203

Wote, Cell Dimersons: 93mm x 93mm x 2
Mlemrsred at AR .53, 100mWiem”, 2

p’ diffusion Electrade
n' diffusion Rear surfacke passivation
Fipure 1: Schematic configuration of 51 solar cell

Si



Ga Si

Shell Solar 148.9 2 17.4
L 50
UNSW FzZ Si
22 2 Rear Emitter PERT 22.3
Origin Energy SLIVER Si
SLIVER 50
Si 90
0.77 2 19.1 0.31
104 2 17.7 10 40
10
30
PL
Si M.A. Green UNSW

“ All-Silicon Tandem Cells Based on “ Artificial” Semiconductor Synthesised Using
Silicon Quantum Dots in a Dielectric Matrix (1AP.1.1)"

Si0  SiN SiC Si QD Si
QD
J Marmalised PL specira (2- om dots)
kg

K

Tap 5=00 cad

L OO jmciicn

izda SO0
L-TRE Y]
= O juscion
NN TEEE———

. et Photon energy, aV
Figure 5: RT photoluminescence from OO0 material with
dots of different nominal dismeter,

.

Figure 31 Allsilicon J=cell tandemn sinck hased om
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10 Si
10
Si
Si
PV News
Cells 2003 | 2004 | 2005 | 2006 | 2007
United Solar |a-Si 3-J 17 25 50
KANEKA a-Si/p c-Si 20 20 20 30
Mitsubishi a-Si 10 10 10 30
Heavy Ind.
Shell Solar |CIGS
Wuerth Solar | CIGS 1| 1.5 15
First Solar |CdTe 2 6 20 40 75
B. Rech(Forschungszentrum Julich)” Overview on Thin Film Silicon
Photovoltaics (3BP.1.1)" Si
200
2004 50 30 United Solar 50
United Solar a-Si3 0.25 2 14.6
13 3825 2 a-Si/p c-Si
13.1 14.23 2 11.7
14
30 30 2 2 J. Meier  (Uniaxis
SPTec) " Microcrystalline Silicon Single-Junctionand“ Micromorph” Tandem Solar
Cells Prepared in UNIAXIS KAl PECVD Single-Chamber Reactors (3BP.1.5)”"
Si Uniaxis
CvD Si Si
125 110 CvD a-Si p c-Si
Si
1.25 1.1 2 a-Si
7.3 Sharp VHF CvD 56 92.5
a-Si/p c-Si 12.14 11
T. Matsui ( ) " Improved Spectral Response of Silicon Thin Film Solar

Cells by Ti0,-Zn0 Antireflection Inter-Bilayer at TCO/Si Interface (3BP.1.3) ”



a-Si M c-Si
Tio, Ti0,-Zn0 AR AR
0.25 2 a-Si
9.24 2.3nm/s p c-Si 9.13
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Fig. 10 Fust wéusinal nze a-%H pa-n module of
MAYIS prepared on AFG fSost-TCD The module 15
fabneated in a KAI-1 1200 svvtem of 1. 29x1.1 m’ area at
1 deposition rate of 3 A'sec for the 1-lover. The AN 5 L.
WV charseterishes were independently confirmed by TV
Fhemland The moduls comsuts of 207 segment: of §

o wdth
1.25 1.1 ? a-Si
TCO/Si AR a-Si  p c-Si

Table L J-I'pa.n.mﬂu'. of 2-51:H and pe-51-H ..:|.|1E'|.l uanchon sola cells sath different AR stuctoes at the TOOYS) mierface

Abcorber Lryves AR-layer J (mAem®) | Y] EF %)
G 2o AR 151 0938 0.710 100
‘M" . Ti, 15.7 0933 0,700 10.3
(9.3 jum) Tl Izl 16.0 0538 0692 10.4

N mo AR N8 0512 0675 754
he-55H Ti0), 71 0.515 0697 794
(1.3 pmm) Ti0.-250 258 0.518 0687 §48

® Anrgaled siwie: (not hght soakead)
** Prepared under 3 high-rate condinos (-1 mm's)

M. Powalla (ZSW) " CIS Thin-Film Solar Modules - an Example for Progress
in PV (4CP.2.1)" Stuttgart ZSW  CIGS
1999 Wuerth Solar
Zsw Wuerth Solar 0.07 ? 0.7 2
60 120 CIGS
13.0 85

2004 1.3 /

390 2007 15
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Figure 1: Efficiency road map of average aperiure-al 3.0 % efficiency.

efficiencies for 0.07 m* ZSW modules and for stande
0.7 m* modules from the Wuerth Solar pilot production

ling, including values expected in the future.
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NREL 0.41 2 19.5
3459 2 13.4

CdTe First Solar 2004
6 2005 25

Si

100 50

II1-V  Space Conc. Ill1-V Cell Conc. Si Cell Modules System Total

Germany 8 1 1 0 4 1 15
USA 5 3 4 1 0 2 15
Spain 3 1 1 3 1 5 14
Italy 0 0 3 2 1 5 11
Japan 3 3 1 0 2 1 10
UK 4 0 1 0 0 2 7
Others 14 4 3 0 2 5 28
Total 37 12 14 6 10 21 100
K. Araki H.S. Lee
" A 550X Concentrator System with Dome-Shaped Fresnel Lenses - Reliability and Cost
(5D0.7.5)" NEDO InGaP/InGaAs/Ge
InGaP/InGaAs/Ge
400 550

550



Figure 1: 550 X and 400 X modules on two-axis trackers using open-loop control. The bottom
right module with two lines of lenses is a 550 X 150 W module. The remainder are 400 X 200 W
modules. The overall system rating is 1550 W.

550 400 InGaP/InGaAs/Ge 5445 7056cm?
400 550
Table. 1 Uncorrected peak efficiency measurement
Concentr Area Site Ambi Uncorrected DNI
ation cm? ent Efficiency W/m?
Inuyama,
400 X 7,056 | Japan 29 C 27.6 % 810
Manu facturer
Toyohashi,
400 X | 7,056 | Japan 7C 25.9 % 645
Inde pende nt
Fraunhofer
400 X | 1,176 | ISE, Germany 19C 27.4 % 839
Inde pende nt
400 X 1,176 NREL, USA 29 C 24.9 % 940
Inde pende nt
Inuyama,
550 X 5,445 | Japan 33C 28.9 % 741
Manu facturer
Toyohashi,
550 X | 5,445 | Japan 28 C 27 % 777
Inde pende nt
38.9 498
400 27 28 550 29 31.5
400 550 Faunhofer ISE
400 27.4 550
28.9 Fraunhofer ISE NREL

20



NEDO
2006 38.9 40
85.8 5091 31
www.syracuse-pv.webhop.org

NEDO
Table 2: Achievement by NEDO CPV project
(2001-2003 R& D, 2004 Evaluation; 3 companies and 5 Universities)
Cell Performance: > 37 % at 500 X
Grid optimization for high concentration
New tunnel junction for higher current density
Lens Performance: 86.2 % at 550 X
Dome-shaped Fresnel lens by injection molding
37 yrs material lifetime by acceralation test
Module | Perfromance: 31.5+1.7 % (correction: 25 C cell),
28.9 % (Uncorrected)
New technologies: Kaleidoscope homogenizer,
passive cooling by epoxy lamination etc.,
20 yrs. lifetime against concentrated sunlight
Tracker | Open-loop tracker, 20 yrs maintenance-free
System | One year field test: 1.6 times more energy than
mc-Si PV even in cloudy Japan.
Fraunhofer ISE Concentrix Solar
Figure 6. FLATCON" medule developed by Fraunho fer
[SE: A one-stage Frosoel lens comcentrator with 500x
gaomelric gain. I is under indusiial  promotion by
Concentrix Solar Grobld,
FLATCON
A.W. Bett Fraunhofer ISE “ FLATCON Concentrator PV-Technology Ready
for the Market (1C0.4.5)"
J. Luther Fraunhofer ISE “ Concentrating Photovoltaics for Highest

Efficiencies and Cost Reduction (5DP.1.4)"



Faunhofer ISE

Concentrix Solar
Fraunhofer ISE
FLATCON (Fresnel Lens

All-glass Tandem cell

CONcentrator) 500
30
GaAs/GaSh LPE
GaAs Zn GaSh AM1.5D 100
31.3 560 29.7 FLATCON 17
18 400 500 35.2
21 22 100
Manufacturer | technology (O Efliciency Rel.
Sunpower =i |00 26.8 [4]
Amonix =i 250 24,1 [5]
Fraunhofer ISE | 51 92 250 [5]
LPM-1ES =1 [ 10 2006 [7]
Spoctrolab [11-%, A |75 37.3 [&]
Sham Co. [T1-%, Al 498 37.2 [<1]
Fraunhoter [SE | [11-¥, AJ 30 352 [16]
LPM-1ES [1-%, 11 (000 26.2 [11]
LPM-1ES [1-%, 11 2000 250 [11]

Table 2: Efficiencies for Siheon and 111-V solar cells
with one single pr-junction  1J) and thres pn-junctions

137).

20 200

Produdicn oot s In €78 R a0 MW 200 MW
o ool s 048 &P 0,17 E'Wp
Sodar cull amsmbly 041 EMsp 0210 E'Wp
Lans 0,16 E'Wp 00T E'Wp
Modula: semambly 024 &'\Wp 0,14 &E'Wp
Treoka 045 &'\Wp 020 &E'Wp
Mok ooet = o Tradker 1,72 6i'Wp naT L'Wp
Foavs nverior 033 &N 0,15 &N

Irsd g lalion 007 &N 005 &y

Bl ronios! BOE 040 &iWp 020 &'Wp

Table 3: Resuli of the cost analysis based on an anmual
procluction capacity of 20 BW and 200 "W,
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Figure 11: Price curves for flat plate silicon PV modules
and for concentrator modules including the tracking. The
dashed line indicates costs of 2,5 €/Wp.

Si
Freiburug 0.3 /kWh Tabemis 0.16 /kWh
20 200
Si
Guascor Amonix
2005 5
400 Amonix 5 10
4 Al 3 /W
Sol3g 200W
www.sol3g.com/girasol.pdf NEDO
ENEA(A. Sarno  “ The PhoCus Standard Unit Design, Realizaton and Prelimary
Performance and Analysis (5D0.7.2)" )
R. McConnell (NREL) “ High-Performance PV Future: I111-V Multijunction

Concentrators (1AP.1.5)"



King (Spectrolab)

Photovoltaics (1C0.4.6)”"

203

Fipure 1: Ropdmap of {he High-Pedormance PV Project

“ Pathways to 40%-Efficient Concentrator

Dy 209

Subcontractor Tithe

Amonix Design and  Demonstration of a
Cireater than 33% EfMiciency High-
Concentration  Module Using over
S0t 1H-Y Multijunciion Devices

Arnzoma Swte | Development  of  IEC Design

University Cmalification Siandard for
Concentrator PV Modules

California Four-Junction Solar Cell with 40%,

Instituie of Target  Efficiency  Fabncated by

Technology ‘Wafer Bonding and Laver Transfer

Concentrating

Technologics.
LLC

A Scaleable Reflective Optics High
Concentration PV Sysicm

University of
Deelaware

Movel High Efficiency PV Devices
Based on the 1T1-N Malcrial Systcm

University of
Delaware

Theonetical and Experimental
Investigation of Approaches o >50%,
Eificicnt Solar Cells

IX Crystals

Toward 40%~EMcient Hybnid
Bulizunciion -V Terresinal
Concentrator Cells

Ohio State

Optimized I-%  Multijunction
Concentrator Sclar Cells on
Patierned 51 and Ge Subsirates

Spectrolib,
Inc.

Ultra-High-Efficiency  Mulijunction
Cell and Receiver Maodule

SnnPower
Corporation

Low Concentration PV Sysicm
Proiotype Assessment of a Ix Mirmor
Module with  SunPower's  20%
Eificieni A-300 Solar Cell

Tahle I: Subcomtract projects under the HiPerd PV's
“Explonng and Accelersting Ultimate Pathways™

High-Performance (HiPerf) PV
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33 p
NREL
Amonix Solar Systems 2006
15 20 10
50 InGaAsN
InGaN Si
Si Si

Lattice-Matched {LM) Lattice-Mismatched
or Metamorphic (kM)

Fig. 4  Schematic cross-section of Litice-matched and
|'|'|I.'Ii.1|'|'|-.'-|:‘:|‘:-]|.1|.' .:'--_| unction cells [ |L'|l.‘1u|l'|l.l|]‘:l:'||.-..' cell
ipcorporates a bulffer laver with graded composition to
pecommodate the mismatch, and suppress propagation of
L|:|:|'-|.'u.di|!'|l_' dislocations into the active cell |.-:|:. ers above

GalnP/GalnAs/Ge

Spectrolab GalnP/GalnAs/Ge
AM1.5D 236
39.0+ 2.3 Sharp 498
38.9 40
NREL
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Figure 1: Record solar cell efficiencies for multijunction
concentrator cells and other photovoltaic technologies
since 1975, as compiled by the National Renewable
Energy Laboratory (NREL). Chart courtesy of Robert
McConnell, NREL.
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