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Nanosecond laser annealing 
Obtain high crystallinity and optical 
absorptance 
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Quantifying crystallinity 

•  Raman spectroscopy: 
–  amorphous Si: broad transverse optical mode centered 

at 480 cm-1. 
–  crystalline Si: sharp optical mode at 520 cm-1. 
–  lattice stress and grain size: width of c-Si peak. 



Quantifying crystallinity 

•  Raman spectroscopy: 
–  amorphous Si: broad transverse optical mode centered 

at 480 cm-1. 
–  crystalline Si: sharp optical mode at 520 cm-1. 
–  lattice stress and grain size: width of c-Si peak. 

•  Quantification: 
–  normalized a-Si signal: a-Si peak / c-Si peak. 
–  FWHM of c-Si peak. 
–  monocrystalline wafer used as baseline. 



Quantifying crystallinity 
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Figure 2 — Franta, Pastor, et al.



Optical absorptance 
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Figure 3 — Franta, Pastor, et al.
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Optical absorptance reactivation 
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Figure 6 — Franta, Pastor, et al.
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Electrical 



Need RTA for electrodes 
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Figure 4 — Franta, Pastor, et al.
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After laser annealing, still a diode 
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•  A lot of recent advances 



Conclusions 

•  A lot of recent advances 
–  Observing intermediate band, measuring carrier lifetime, 

alpha, mu, calculating figure of merit, controlling 
resolidification velocity (with fs laser), observing sub-
bandgap photoresponse. 
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Conclusions 

•  Outstanding challenges 
–  Need the quality of hyperdoped flat Si with the 

absorptance of hyperdoped black Si. 
–  Control crystallinity, optical absorptance, and dopant 

concentration at the same time. 
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Conclusions 

•  Nanosecond laser annealing 
–  High crystallinity, high optical absorptance, diode 

behavior at the same time. 

•  Next: need to control doping concentration in 
hyperdoped black silicon. 
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Next: Obtaining non-metallic hyperdoped black silicon 
 
•  Need to obtain <0.4 at. % doping concentration and 

strong optical absorptance at same time 
–  Requirement for high-efficiency sub-bandgap devices, but has 

not yet been done 

•  Potential methods: 
–  Nanosecond laser pulses to remove dopants from hyperdoped 

black silicon 
–  Ablate hyperdoped skin off hyperdoped black silicon, then laser 

dope 
–  Ablate hyperdoped skin off hyperdoped black silicon, then ion 

implant 


