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Development of Ge substrates:
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Low cost substrate
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CPV-Cell Economical Performance 
Index (CEPI)

h = cell efficiency (%)
Cf = concentration factor
Y = process yield
C = un-yielded cell cost [Euro/cm2]CEPI =  h*Cf*Y/C
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Energy gap variation  
in function of the growth

material dimension

5 nm     10 nm        12nm
1.071 eV          0.553 eV 0.045 eV
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Quantum confinement to realise new material
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Low temperature Ge and SiGe epitaxy

� �

3J

� 
 � � �

TD

� � � 
 � �

� �

� �

� 	 
�

� 
� � � � � � � � � � � 
� �

� 	 � � � � �� � �� 
�
� � � �
� �
� 
 	 	 
� � �� � � �� � �� � 
� � �
� � � � � �
 � � � ! � � �

)� 
 � 	 � � � � *��+. - ( ��, . , � ��+, (  �-  +, - +� � �

� � � ��� �� � � � �
� �

� � � � � 
 � � � � � � � � �� � � � 	 � �� � �
� � �� � � � �

� ��

� " 
� 
 #

 ��� �
Ge/Si

$


Ge MO Si MO
epitaxial

� � � � � �
%" 	 � � � �

3J/4J

: � �" �' " �� : +2=>

� � �� " 
� 
 #

 �
� � � � � 
� � &� '

� 	 � � � �� � �$


� 
 � � �

TD

� � � 
 � �

� �

� 	 
�

� 
 � � �

TD

� � � 
 � �

� 	 
�

� �

� �

� �

� � � 
 � �

� �

� �

� � � 
 � �

� �

� � � 
 �

� � ( $
( $




8

� �� 	 � 
 �
� �

� � 
 � �� � 
 � � � �� ��� �� � � � �!  �
��� � �" ���� � �! � � � �  �# � 
 " � �

� �$Development of a new high flexibility 
growth chamber

Diodo tunnel

Cella 
GaInP

Cella InGaAs

Cella Ge

Emitter : N+ -GaInP

Window: N+ -AlInP

Base: P -GaInP

BSF: P+ -AlInGaP

Griglia

TD: N++-InGaP

TD: P++ -AlGaAs

Window: N+ AlGaAs

Emitter : N+ -InGaAs

Base: P-InGaAs

Buffer : P+ -InGaAs

Substrate: P -Ge

N+ GaAsAR AR

TD: N++-GaAs

TD: P++ -AlGaAs

Window: N+ -AlInP

Emitter : N -InGaP

Contatto

Diodo tunnel
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Growth thermal 
management can be more 

complicated if device 
structures requires layers to 

be grown at different 
temperature
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Strained wafer

Methamorphic structures
require a complex “thermal management”
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Growth thermal management can be facilitated:

• by installing in-situ diagnostic tools for wafer 
temperature and wafer curvature control

• by adopting proper hardware configuration: 
• heating system
• growth chamber gas distribution
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Note: EC will support only the cost of the growth chamber and diagnostic tool development + training, while 
the cost of the the remaining part of the MOCVD system will be internally funded by CESI RICERCA. 

The growth of InGaNAs is a real growth challenge  as 
the incorporation efficiency of the group-V elements 
follow the trend of As>N and are highly temperature 
dependent.  

Ideally hydride flows should be 
independently controlled over the wafer

A new reactor growth chamber with advanced gas injection 
system will be modelled and built. 
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The growth of InGaNAs would theoretically
boost III-V cell efficiency  over 40%. So far, 
however the quality of MOCVD grown InGaNAs
has been very poor.


