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Historic development“Telefunkenpark” Heilbronn

… has 40 years space flight heritage

Founded in 2002, 
AZUR SPACE Solar Power GmbH …
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Key Milestones

1964 Silicon space solar cell   8 % AMO (10 % AM 1.5)

1974 First multicrystalline Si solar cell   10 cm x 10 cm   10 %   AM 1.5

(cooperation Wacker Chemitronic – Telefunken)

1983 First fully automated terrestrial production line in screen printing

technology

1986 High efficiency Si solar cell   18 % AMO (20 % AM 1.5)

in production

1990 Ultrathin (5 µm) GaAs solar cell   20 % AMO (22 % AM 1.5)

2001 First European triple junction (TJ) GaAs space solar   25 % AMO

2006 First TJ GaAs solar cell   8 cm x 8 cm   28.5 % AMO (30 % AM 1.5)
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Structure of TJ – GaAs Solar Cell
ARC 

n-doped buffer and barrier layer

active Ge substrate, p-doped

p-GaInAs - base
n-GaInAs - emitter

+n -AlGaInP/AlInAs - barrier layer

p++-AlGaAs
p+-AlGaInP - barrier layer

p-GaInP- base

n-GaInP - emitter
n+-AlInP - window layer

cap layer

n++-GaInAs

Ga0.51In0.49P top cell

Ga1-xInxAsmiddle cell
1. tunnel diode

p+-GaInP - barrier layer

p+-GaInAs - barrier layer

front contact

rear contact

p++-Al0.3Ga0.7As
n++-GaInAs

Ge bottom cell

2. tunnel diode

Ge substrate 140 µm

light
300 nm

660 nm

900 nm

1800 nm
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Epitaxial Reactors
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Performance
Future Cells

Year 2006 2008 2009 2010 2012 2015
Voltage 2.6 V 2.7 V 5.5 V 6.5 V 3.5 V 2.6 V
BOL eff. 28% 30% 29% 31% 33% 30%
EOL eff. 24% 25% 26% 27% 28% 26%
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Terrestrial Concentrator PV Systems

GaAs compound cells have been used exclusively in satellite 
power applications, but the actual shortage of polysilicon 
material and the efficiency limits of silicon-based solar 
panels means that commercial terrestrial applications of 
CPV systems are now a real possibility.

The photovoltaics industry is looking therefore towards 
compound cells with its potential of 45% efficiency as a key 
technology for utility-scale, high-efficiency solar power,      
but also for residential houses or agriculture applications 
with cogeneration of electricity & heat.
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Design of a CPV Fresnel System
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Strength of CPV Systems

Efficiency improvement by concentrated sunlight

Efficient use of solar cell material

Optical concentration are inexpensive compared with large photovoltaic 
material

The overall manufacturing process (besides the cell production) is lower-
tech than for flat plate modules. The estimated investment cost are of a 
CPV manufacturing plant is only 20-30 % compared to crystalline silicon PV 
or Thin–film PV

Cell efficiency is approaching 40 % for the benefit of bringing down the cost 
per watt installed and ultimately per kWh produced
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From a 2mm Chip to a MW Solar Plant
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GaAs CPV Cells
6mm x 6mm 
active area 30,25 mm²
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Comparison 
Si Standard Cell GaAs CPV Cell

100 mm x 100 mm                                       2,5mm x 2,5mm

1,55 W @ AM1.5                                 1,58 W @ 920X AM1.5
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Semiconductor usage 
for a 1 MWp solar power plant

Si flat panel

6 000 m²

TJ GaAs CPV
5 m2
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Roadmap Multijunction GaAs 
Concentrator Cells

Year 2001 2007 2009 2012

Type Triple Junction
Gen 1

Triple Junction
Gen 2

Triple Junction
Gen 3

Multi Junction

Max Efficiency
(World Record)

34.2 % 40.7 % 42.0 % 45.0 %

Year in 
Production

2006 2007 2010 2015

Average 
Efficiency

32.0 % 35.0 % 37.0 – 39.0 % 40.0 – 42.0 %
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Concentrator PV Fresnel Units

Lorca, Spain Concentrix 6kW / unit 31 m²



Concentrator PV Dish Unit

112 identical mirrors

Projected aperture 130 m2

Receiver
Optical
efficiency
85%

Concentration
500X
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Relative Cost Index

GaAs CPV Fix mounted
Si Flat Plate

Module

Fix mounted
High Eff Si
Flat Plate

Tracked
High Eff Si 
Flat Plate

Assumption

cell efficiency   25 °C

cell efficiency   operating conditions

(incl. optical losses)

35 %

25 %

14.5 %

11.0 %

19 %

14 %

19 %

14 %

Generator level

Utility level

Climate level      break even  > 55%*)

sun belt

desert

100

100

100

100

100

112 

122

107

131

154

127

128

113

138

162

130

144

100

117

131
Copyright © INTECS*) ratio direct to overall irradiation
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Key Cost Reduction Elements 
for CPV Systems

2007 2010 2015

Cell Efficiency 
in Production

35 % 39 % 42 %

Wafer Size 100 mm dia 150 mm dia 150 mm dia

Optical Efficiency 70 – 80 % 80 % 85 %

Concentrator Factor 300 – 500 500 – 1000 1000 – 6000

AC System Efficiency 19 – 23 % 24 – 26 % 30 %
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Roadmap for Terrestrial Concentrator Systems

STEP 1 CPV Systems for Solar Electricity

STEP 2 Combined Concentrator PV and Thermal System (CPVT)

STEP 3 24h Solar Electricity Systems by combined CPVT System

and Hydrogen Fuel Cell System



In sun belt regions
CPV is already competitive 
with conventional PV

Heliostat CPV will bring 
the cost down to the level of 
“clean” fossil fuel generation 
by 2020
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Conclusions

CPV is already competive with Flat-Plate PV in sun belt regions.
Only CPV systems have the potential of low-cost, solar- 

generated electricity at a cost that is competitive with 
mainstream electric generation systems. 

Key component is a “super” GaAs CPV cell working at high 
concentration.

The economics can be improved further by cogeneration of 
electricity, heat and hydrogen.
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