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microFLUID: Project scope
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Microsystem: microfluidic lab-on-a-chip (LOC)

Substrate material: Polymers

Microfabrication technology: Femtosecond lasers

Detection: on-chip optical sensing

Mission: cost-effective but high added value lab-on-a-chip for óbioô applications

Ý Prototypical devices: 
LOC for the detection of mycotoxins in animal feeds

LOC for water screening against bacteria and heavy 
metal ions



Partners 
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Istituto di Fotonica e 

Nanotecnologie ïCNR (IFN)

Laser Zentrum Hannover 

(LZH)
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(Agrolabo)

Centre Suisse d'Electronique

et de Microtechnique 
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and Analytical Science,

The University of Manchester

(UNIMAN)
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Microfabrication by fs lasers

Advantages of femtosecond laser microfabrication:

Ý Synergy: same technology for both microfluidic channels and optical components

Ý Flexibility: No photolithographic masks, rapid prototyping

Ý Three-dimensionality: buried structures in one step

 

Three key processes: 

ƀsurface ablation

ƀrefractive index modification

ƀ2-photon-polymerization (2PP)
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Basic priciple

Nonlinear absorption of femtosecond laser pulses can induce either a ósoftô 
modification of the polymer (i.e. a refractive index change) or a óhardô 
modification causing material ablation

Femtosecond
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Polymer microchannel ablation with fs laser
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ESM image of a channel (approx. 
300 µm x 60 µm) in COP 
fabricated by fs laser ablation

PMMA test chip with 5 µl detection 
chambers and channel (300 µm x 
300 µm)
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Waveguide writing in PMMA with fs laser
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Cross-section Guided mode @ 633 nm

Buried waveguide structures in

PMMA (1-kHz repetition rate)

stable after 15 minutes and 5 days.

The optimum waveguides are

identified by red arrows.
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Benchmarking polymer microchannel fabrication
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SUMMARY (details in separate study)

Femtosecond laser ablation benchmarked against picosecond UV, diode-pumped solid

state UV nanosecond and excimer UV nanosecond lasers, micromilling, standard, deep

UV and x-ray photolithography, hot embossing and micro injection molding

ÅTechnical
Only photolithographic methods have better lateral resolution,

higher aspect ratio and less channel wall roughness

fs lasers (and ps UV, DPSS UV, excimer UV lasers) can process materials

(elastomers, tough thermoplastics) not accessible for micromilling or photolitho

ÅEconomic
Femtosecond laser (slow, low ablation rate) suitable for prototyping or small series

up to 100 microfluidic chips

For medium series (up to 10ô000), excimer lasers (lower cost, mask process) or

photolithography (10ô000-100ô000) are better suited

For more than 100ô000, injection molding (or hot embossing) is a must
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