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Laser annealed Ge/Si, a cost-effective virtual Ge substrate for high efficiency I1I-V m
Slctallal ulti-junction solar cells
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Motivation for Ill-V solar cells on virtual Ge substrates HE]

= ||I-V tandem solar cells offers the highest efficiency (World record 46%)
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» (Ge wafers are commonly used substrates for
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l1-V solar cells

which accounts for more than 50% of the cell cost
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= Thin epi-Ge on Si wafers can replace Ge wafers with following advantages:

v’ Si wafer is much cheaper than Ge wafer: lower cost

v’ Si wafer has superior mechanical properties: lower weight & durable
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Challenge #kii,
Si & Ge has 4% lattice mismatch: high threading dislocation density(TDD)

Laser annealing %R k

Fast, low-cost, and effective method to reduce defects in Ge thin film
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nas higher band-gap than Ge: higher voltage output from bottom cell
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Approach /£

» Ge films are deposited by RF magnetron sputtering:
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Low cost / Environmentally friendly / Simple and scalable technique
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= The laser used is continuous-wave diode

Fast process with millisecond exposure time
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Laser annealed region

808 nm diode laser

pN

Normalized Temperature

WOtIR KRR B

Results SCig 45 B

The peak temperature sharply rose with laser dose increasing from 1 a.u. to 2.4
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aser with line-focus optics:
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a.u.. After that, the peak temperature saturated at a maximum value indicating

partial melting of the film and absorption of latent heat.
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After laser annealing, the crystallinity of the Ge film is significantly improved as
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indicated by the XRD results. The Ge XRD peak intensity increases and the

peak width reduces. XS 678N E 4 R Eox, WOGIRGH#GEHE prilg, RIHZ
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Raman spectra show improved crystallinity after laser annealing. The small
Si-Ge peak in 2.4 a.u. dose sample suggests melting of Ge layer.
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The reduction of TDD is revealed by TEM measurements. The as-deposited
Ge film before annealing has a high TDD (10'° cm). After laser annealing,

the TDD can be reduced to 10° cm=- 107 cm™= .
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Laser annealing has been applied on Ge layers with different thicknesses.
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High quality thin Ge layers with low TDD are obtained.
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Conclusion %52

Epitaxial Ge films have been grown on Si using magnetron sputtering which
IS low-cost, safe and scalable. Laser annealing is employed to effectively
reduce the TDD in the Ge film. Laser annealing combined with magnetron

sputtering offers a cost-effective approach to fabricate high quality virtual Ge
substrates for high efficiency IlI-V solar cells.
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