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Overview: High Performance PV

> Reaching thermodynamic limits requires:
= Concentration

= Large number of materials .
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Project Overview: lll-nitride solar cells

> Monolithic multiple junction cells
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Budget

Company or Organization
Project Beginning Date |FY07 Budget |FY08 Budget [Total Budget
10/1/2006 $0.161 million |$0.086 million {$0.36 million

This project supports the Roadmap:

Developing approaches to high efficiency (48%) concentrator solar
cells



llI-nitride solar cells: Material Quality

Phase separation introduces i |
low Eg recombination path i 2 T

> Voltage controlled by low Eg
region (seen by PL) EG PL l-vF'L ~XRD

Current controlled by non-

phase separated region. JWM H
Phase separation minimized

by optimization of growth Wavelength (nm)
conditions, control of growth oo e s e W ®
rate, and using thi n layers _' Pt
MBE and MOCVD grown /

layers of InGaN with Eg = 2.6
eV with minimal ph'ase
separation.
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llI-nitride solar cells: Modeling

InGaN has strong polarization Without polarization

and piezoelectric effect.
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l1l-nitride solar cells: Device Results

Optimization of material, thickness, polarization allowed

high open circuit solar cells with band gap of 2.5 eV

Thin test structures: 100nm
= Strong photovoltaic effect.
*Band gap: 2.5eV

*Vgoc 2 2.1V; corresponds to
E;—0.4.

Voo = 2.1V |

e

E |

L

E.. = T T

£ - 1 Z LbIZ:r:arlvt ]
L2

c

k)

o

€ Light enhanced
o with UV

=

Q

Voltage (V)




Project Overview: Multiple transition solar cells e

Requirements:

1. Three (or more) carrier populations in steady state that are not
in thermal equilibrium with each other

2. Absorption/emission rates which of similar magnitude for all
processes
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Advanced Concept: Design Rules

> Wide flexibility in “band gaps” 2
dependent of concentration i h
and spectrum S J
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Advanced Concept: GaAsSb/InAs QDs e

> No valence band offset, close to ideal band gaps
> Kp modeling confirms low AEv, but also lower AEc
> InAs QDs grown on 12-20% GaAsSb with low defect densities

> Increasing Sb composition decreases QD size and increases
QD density

InAs QDs on GaAs (5
ML) / GaAs,_Sb, (5nm)
buffer layers with x =
23%, with density

2.6 x 106 cm™

InAs QDs on GaAs



Very High Efficiency Photovoltaic Modules e

= Co-design and integration of optical components and solar
cells

> Allows >40% low concentration photovoltaic modules

G-junction solar cell at 20X
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