
PV.6.7.1

Outline

6.7. Concentrator PV (CPV)

6.7.1 Introduction

6.7.2 Concentration effects

6.7.4 Multijunction solar cells

6.7.5 Epitaxy

6.7.6 State of the art and industry



PV.6.7.2

Investment costs in €/W can be decreased

by reduced costs or by higher efficiencies of 

the solar cells

I., II. und 

III. Generation PV 

Source:  modified after Hoffmann , EPIA
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PV.6.7.3

Concentrator Photovoltaics (CPV)

Idea: use very efficient (and expensive) small solar cells and concentrate the 

light with low cost optics

Sun   

Fresnel lens   

80-90% of 

direct sunlight

Solar cell

Heat sink    

> 40 % 

efficiency 

- Tracking is needed as only direct sun light can be focused!
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Impressions of different technologies
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Reminder: I-V Characteristics of Solar Cells

Maximum electrical power:

 max max maxP U I
Area of the largest rectangle in 

a working point of the I-V-char.
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The role of the irradiance

- photocurrent varies proportional to the irradiance

- open circuit voltage varies logarithmically with the irradiance

Since the solar  cell 

is regarded as a 

generator , the I-V-

curves are often 

mirrored at the U-

axis.
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Concentrator PV: Enhanced efficiency

IL is proportional to C
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→ Efficiency grows with the logarithm of the concentration factor, as long as 

temperature effects and the series resistance do not play a role

Let C be the concentration factor
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Si-cell

(conc.)
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Source: E. Weber, FhG ISE

Reminder: Spectrally dependent energy harvesting

with a single cell
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Multijunction cells for efficiency enhancement

Source: E. Weber, FhG ISE
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Realization of Tandem and Triple Cells

Monolithic cell            Mechanically stacked 

cell  
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Source: J. Luther - high end and expensive (per area ) 

epitaxial growth of crystalline thin films
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Epitaxial Growth of Semiconductors

Growth is done as crystalline thin films on crystalline substrates

 epitaxy growth (greek: to place onto in an ordered manner)

• epitaxy can be done on substrate with

the same lattice constant

• growth of heterostructures is possible

Homoepitaxy Heterooepitaxy

Substrate

Epitaxial filmEpitaxial film
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Source: www.wikipedia.de

Bandgaps for different III-V-semiconductors

The bandgap can be 

adjusted by the choice of the 

material.

http://www.wikipedia.de/
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Scheme for AlGaInP-growth

The use of a quartenary 

material  allows to tune the 

bandgap while the lattice 

constant remains the same. 

Tailored bandgaps and tailored 

sequences of different bandgaps can 

be deposited. 

Epitaxial growth of heterostructures

Source: N. Stath, Osram OS

MOVPE: Metal Organic Vapor Phase Epitaxy
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Industrial epitaxy

Quelle: Aixtron

HECTOR School of Engineering & Management | 

International Department GmbH Schlossplatz 19 | 



PV.6.7.20

(MOCVD; 

Metal 

Organic 

Chemical 

Vapor 

Phase

Deposition)
1. Precursor molecules are transported with a carrier gas to a 

heated substrate 

2. thermal decomposition on the substrate

3. epitaxial growth
Source: N. Stath

MOCVD

Industrial epitaxy
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Source: N. Stath, Osram OS

MOCVD-Reaktor

Industrial epitaxy
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Evolution of  CPV efficiencies
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46% Efficiency Solar Cell (May 2015)
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Different optical concentrator designs
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Optik Design @ SolFocus
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The CPV market

Source: Fraunhofer ISE
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Source: Fraunhofer ISE
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Source: Fraunhofer ISE


