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Laser Micro Chemical (LMC)

ÅUse of laser light to induce local chemical reactions.

ÅBoth Laser Chemical Etching (LCE) and Laser Chemical 

Deposition (LCD) can be performed

ÅEtching reactions can be thermal (public domain1) or 

photochemical (MIT patent2).

ÅIn normal operation, FEI LMC machines use thermally induced 

etching chemistry. 

ÅDeposition is by thermal decomposition

1 Appl. Phys. Lett. 38, 1018 (1981)
2 US patent 5,389,196
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LCE Process
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(30 nm RMS, Mirror Smooth) 

Molten Zone Cut Depth: 8.0-µm to 0.05-µm  
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Silicon Etching Reaction (public domain)

Chemistry:  Si (liquid) + Cl2 (vapor)
SiCl2 (vapor)

SiCl2 (vapor) + Cl2 (vapor) SiCl4 (vapor)

532nm 2x Pumped Diode or Argon Laser Beam

(typical scan 10 - 20 mm/s)

Chlorine Ambient 

(200 - 400 torr)

Laser Annealed Bottom Surface

Localized melt:

Mass-transport-limited (high-

pressure) surface reaction

Fast-scan (dwell ~ 1ms) strips 

layers of 1 - 8 µm thickness

~ wo= 0.2 to 5 µm

T
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Etching Process

Materials: Silicon, Polysilicon, Germanium

Planar Resolution: 1-10 µm depending on objective lens

Vertical Resolution: A few hundred Angstroms

Surface Roughness: < 30 nm RMS

Etch Rate: >100,000 cubic microns per second

Etch Stops: Oxides, Nitrides, Metals

Sidewalls: 18 degrees typical

Proximity: Epitaxial regrowth (submicrometer depth)

Cleanliness: Silicon reacts to volatile chlorides, 

no detectable residue
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Optical Layout of an LMC
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Laser-Deposited Platinum 

(< 0.1 Ohm/Square)

Laser-Etched Probe  
Trench  

Bump Bond Connection  to Package

FLIP CHIP

Laser Beam
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Terraced etch in silicon - 500 microns wide at surface ~ 180 microns deep.

Each small terrace is 10 microns deep - large terrace is 30 microns deep

Total etch time ~ 8 min

Typical etch parameters = 4 watts laser power, 20 mm/s galvo scanning, 1 mm line/space, 

400 torr chlorine
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Terraced etch profile in silicon

Total etch time ~ 8 min
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3-D to stack of 2-Dõs

Depending on geometry, a slice may be a 

bit-map or may be calculated on-the-fly.
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Carving µOptics and gratings


