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Points to keep in mind:

one-step, maskless process

large area with uniform high density of spikes

band structure change
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Ion channeling and electron backscattering

spikes retain crystalline order

high density of defects
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Secondary ion mass spectrometry:

1020 cm–3 sulfur

1017 cm–3 fluorine



VB

CB

Discussion

sulfur introduces states in the gap



VB

CB

0.614 eV

0.371 eV
0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Janzén, et al., Phys. Rev. B 29,1907 (1984)

Discussion

sulfur introduces states in the gap



VB

CB

0.614 eV

0.371 eV
0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Discussion

states broaden into a band



semiconductor vacuum

VB

CB

EF

e 
–

e 
–

Discussion



black silicon vacuum

VB

CB

EF

e 
–

e 
–

e 
–

Discussion

sulfur band provides additional electrons



SLIDE HEADING

Microstructured silicon

fabricated by simple, maskless process

Summary



SLIDE HEADING

Microstructured silicon

fabricated by simple, maskless process

can be integrated with microelectronics

Summary



SLIDE HEADING

Microstructured silicon

fabricated by simple, maskless process

can be integrated with microelectronics

provides stable, high field-emission current

Summary



SLIDE HEADING

Microstructured silicon

fabricated by simple, maskless process

can be integrated with microelectronics

provides stable, high field-emission current

is durable

Summary



SLIDE HEADINGSummary

New Scientist 13, 34 (2001)



SLIDE HEADINGApplications

display technology

detector technology

solar cells



SLIDE HEADINGApplications

display technology

detector technology

solar cells



SLIDE HEADING



SLIDE HEADINGFunding: Army Research Office

Acknowledgments:
Prof. Li Zhao (Fudan University)

Prof. Mike Aziz (Harvard University)

For a copy of this talk and
additional information, see:

http://mazur-www.harvard.edu


	TITLE SLIDE
	INTRODUCTION
	Black silicon chip
	Spike closeup
	Single spot closeup

	OUTLINE
	BACKGROUND
	SEM series
	Side view
	SEM scanned surface
	Absorptance
	Background summary

	RESULTS
	Field emission from metal
	Field emission from semiconductor
	Band bending
	Fowler-Nordheim tunneling
	Setup
	IV curve (low V)
	FN plot (low V)
	IV curve (high V)
	FN plot (high V)
	Space charge effect
	Space charge theory
	Space charge fit to data

	DISCUSSION
	ion channeling and RBS results
	SIMS results
	Effect of sulfur

	SUMMARY
	Applications
	Group
	Acknowledgments

