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Metal-assisted chemical etching

B Metal-induced local oxidation + dissolution of Si in HF/H, O,
B Possible catalysts: Ag, Au, Pt...
B Galvanic exchange process — Formation of pores in Si

(1) Before etching (2) After etching
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-@- [Huang et al. Adv. Mater. 23, 285 (2011)]




Fabrication of Si nhanowires by
metal-assisted chemical etching

Mask deposition Thinning by O, plasma  Metal deposition

%

Removal of metal layer  Etching in HF/H,0, Mask lift-off




Morphology of Si nhanowires
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B Extended arrays of well-

ordered, vertically aligned

Si nanowires
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B Control of diameter,

length, and density
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Etching of sub-20 nhm nanowires

Al,O, templates Metal deposition

B Large-field image and
detailed view of Si/Ge
nanowires (16 nm diameter)
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/Ge superlattice nanowires

Sub-20 nm Si
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Transmission electron microscopy

“Sub-20 nm Si/Ge superlattices nanowires by metal-assisted etching”
[Geyer et al. Nano Lett. 9, 3106 (2009)]




Mechanism of metal-assisted etching

Diffusion models
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HEF, H.0, SiF >
SiF < HF HF/ H,0, =2, 0000~ HFHO.
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permeable layer

B Solvent and reaction products
difftuse along the gap between the
metal and the Si substrate.
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B Si atoms diffuse through noble
metal and are oxidized at the
surface.
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Etching phenomena: Porosity

Crystalline Si substrate

6 um 2 5 nm




Etching phenomena: Morphology

B Low doping level B High doping level

400 nm




Formation of the porous layer
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Foot of a nanowire = hole in the mask
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