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Internal Quantum Efficiency

Inverted Metamorphic Multijunction Solar Cells
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* Grown by Metalorganic Vapor Phase Epitaxy

* Record 47.1% efficiency enabled by metamorphic epitaxy
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Compositionally Graded Buffer
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R. France et al., MRS Bulletin, March 2016
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Compositionally Graded Buffer
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Phase Separation in IlI-Vs
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* (Al)GalnAs alloys often exhibit
phase separation into high-In
and low-In phases

* Driven by differences in

Dislocation ‘ sedag iC Si '
, o e atomic sizes/strain
Tapped by MR Phase Separation
. » » ,' X " 3 -~ > - :.'x."_‘ 3 _i' . . . .
Separation | gl < N GRUR 1 S * Leads to dislocation pinning ->

- | . { N =3
L *T.’:- R Al
AY - 3
EY

- &
& ”»
"J L - W - O o
& 'S N ' 8 - r %
Lol N f i ~ ¥ - ¥ 5 )
P L . 1 . = e :
- q ) . §
f ’ - P~ L ' " - ™
L - ‘

X-TEM Image

L. Yang et al., J. Cryst. Gr., 324, 103-109 (2011).

high threading dislocation
density (TDD)
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Metamorphic GalnAs Solar cells
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* Grew series of GalnAs cells using AlGalnAs
graded buffers out to varying energies

e Sharp increase in band gap-voltage offset
below 1.0 eV, where x;, > 0.30
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Cathodoluminescence Spectrum Imaging (CLSI)
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* Commonly used to analyze thin-
film materials

e Spectrum-per-pixel acquisition
exposes emission intensity and
spectra from defect features
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CLSI of llI-V Materials
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* CL emission energy directly related to local band gap

* Lower band gap implies In enrichment, and vice-versa
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Catholdoluminescence at High and Low x,,
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Graded Buffer Eg (eV)
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* Short period fluctuations appear for Al,Ga, ,,In,As compositons where x,, >0.3
* Double-heterostructure fluctuations influenced by fluctuation in layers below

NREL | 10



Effect of Graded Buffer Growth Temperature, Al-Content

Aluminum Content in Grade
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Best graded buffers have high growth temperature and high-Al content
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Effect of V/III Ratio
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Vary Al Content in Graded Buffer
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Using CLSI Insights to Optimize Device Efficiency
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Conclusions
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* Cathodoluminescence spectral imaging (CLSI) is
an effective method to obtain rapid information
about the microstructure of metamorphic IlI-V
materials
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* Compositional fluctuation in metamorphic
materials hinders dislocation motion, leading to
higher dislocation densities in these materials
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* Optimization of growth conditions to eliminate
compositional fluctuation results in materials
with lower dislocation density and improved
photovoltaic conversion efficiencies
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