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Outline

B Triple-junction solar cells

® The GalnP/GaAs/Si solar cell
Why these semiconductors?

Challenge of the fabrication process

Wafer bonding process

B Results of the GalnP/GaAs/Si solar cell characterisation
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Triple-Junction Solar Cells
Concentrator Technology

Single-junction Si solar cell:
n=255%
Spectrum: AM 1.5¢g [1]

GalnP/GalnAs/Ge triple-junction solar cell:

n=41.6 % at 364 suns
Spectrum: AM 1.5d [1]

Advantages of concentrator cells:

B Efficiency enhancement under
concentrated light

B Cost reduction by decreasing
solar cell size to a few mm?

Single-junction cell

Bottom cell

[1] Green et al., Progress in Photovoltaics:
Research and Applications 18 (5), 2010
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Triple-Junction Solar Cells
l1I-V Semiconductors
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Triple-Junction Solar Cells
Solar Cell Designs

Conventional lattice
matched triple-
junction solar cell

I1I-V on Silicon

Ge Si 1.12 eV

M Ge bottom cell produces ® Higher bandgap
high excess current

= Cannot be used due
to serial connection

—p Higher voltage

M Cheaper substrate
material
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Triple-Junction Solar Cells
I1I-V on Silicon
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l1I-V on Silicon

Process of Fabrication

= solar cell
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stabilisation
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I1I-V on Silicon
Direct Wafer Bonding: Surface Cleaning and Activation

Demands on bond interface:

B High electrical conductivity

B Transparenc
P y electrostatic chuck

temporary stabilisation

bonding layer

Si cell

W Surface cleaning and activation by Ar-beam

B Bonding in vacuum chamber at room temperature
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GalnP/GaAs/Si Solar Cell
IV-Characteristic
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GalnP/GaAs/Si Solar Cell
External Quantum Efficiency

m Si subcell has lowest
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GalnP/GaAs/Si Solar Cell
Efficiency under Concentrated lllumination
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=» Series resistance
in cell structure

M
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GalnP/GaAs/Si Solar Cell
TEM Analysis of Bond Interface

B TEM: amorphous layer
between GaAs and Si
of 3-4 nm thickness

=) Reason for series
resistance?

\
High Resolution TEM Image,
Bright Field, Zone Axis Si

Universitat Kiel, Institut fir Materialwissenschaft, Gruppe Prof. Dr. Jager, 2010
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Summary

B Successful fabrication of first GalnP/GaAs/Si by wafer bonding
® Remarkable cell efficiency of 23.3 % at 24 suns

M Si subcell limits the current density

W Efficiency decreases strongly under high concentration

B Amorphous layer at the bond interface probably reduces current
density under high concentration

13

\

~ Fraunhofer

ISE



Acknowledgements

| thank...
@r cundssministerium .. the Bundesministerium flr Bildung und
und Farsnﬁung Forschung (BMBF) for financial support

(Forderkennzeichen 03SF0329A, , IlI-V-Si*)

...all co-workers from the group
l1I-V — Epitaxy and Solar Cells

14

\

~ Fraunhofer

ISE



Thank You Very Much for Your Attention!

L T C h | "'..’ .-_. *‘;I I
e : = _ '. e = , _. » .- f :_'_‘-rl 3 #

Fraunhofer Institute for Solar Energy Systems ISE
“111-V - Epitaxy and Solar Cells”

Karen Dreyer
www.ise.fraunhofer.de

www.llI-V.de
karen.dreyer@ise.fraunhofer.de

15

!

~ Fraunhofer

ISE



l1I-V on Si
Process of Production: Lift-Off

sacirficial layer & cich —

solution
substrate substrate
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Triple-Junction Solar Cells
Theoretical Conversion Efficiency
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