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Introduction
• Microfluidic devices are finding increasing application as 

analytical systems, biomedical devices, tools for 
chemistry and biochemistry, and systems for 
fundamental research. 

• Conventional methods of fabricating microfluidic devices 
have centered on etching in glass and silicon. 

• Fabrication of microfluidic devices in PDMS by soft 
lithography provides faster, less expensive routes than 
these conventional methods to devices that handle 
aqueous solutions. 



Motivation behind the development 
of microfluidic devices 

Advantage 
• decreased cost in manufacture, use, and disposal; 
• decreased time of analysis; 
• reduced consumption of reagents and analytes; 
• reduced production of potentially harmful by-products; 
• increased separation efficiency; 
• increased portability. 

Disadvantage
1. susceptible to blockages from particles
2. more sensitive to adsorption of species on the surface 



background of the development of 
microfluidic systems 

• First microfluidic device was a miniaturized 
GC in 1970.

• early systems →microelectronics -
photolithography and etching in silicon and 
glass 

• silicon →expensive, opaque
• Glass  →amorphous 
• Clean room   High P ; T



New materials for the fabrication 
of devices

• Polymer 
– Inexpensive; flexible; easy to sealing
– Surface modification; incompatible Org. solv. ＆high 

temperature

• PDMS
– micron scale                  – seal reversibly & irreversibly
– optically transparent      – well-developed techniques    
– nontoxic                            in surface modification 
– deformed reversibly      – elastomeric



Rapid prototyping

Anal. Chem. 1998, 70, 4974-4984. 



Replica molding

master

PDMS



Sealing
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• Reversible  → Van der Waals contact  (5 psi)
• Irreversible → air plasma  (30-50 psi)



Surface chemistry
• Unmodified PDMS → hydrophobic

• Oxidation PDMS    → hydrophilic
→ ionizable groups
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Separations
Miniaturized CE systems

Bovine carbonic anhydrase
charge ladder

Miniaturized CE

Commercial CE

Separations of 
ΦX-174/HaeIII DNA 
restriction fragments

Anal. Chem. 1994, 66, 1941-1948 Anal. Chem. 1997, 69, 3451-3457 



Charge ladder 
• To estimate the effective charge of a protein

• This type of analysis permits estimation of the 
effective charge of a protein without knowing its 
composition, structure, or amino acid sequence. 

generated by covalent modification 
of the ε-amino groups 
4-sulfophenyl isothiocyanate
or acetic anhydride 

Proc. Natl. Acad. Sci. USA
Vol. 91, pp. 12027-12030, December 1994 



Separations
Sizing and sorting of DNA

Proc. Natl. Acad. Sci. USA
Vol. 96, pp. 11–13, January 1999
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Patterning of cells and proteins
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Patterning of nonbiological
materials

SCIENCE VOL 285 2 July 1999



Cell-based biosensor

Biomaterials 27 (2006) 2090–2094



Detectors

Adv. Mater. 1999, 11,No.1 37-41



Microfluidic switch 

J. Micromech. Microeng. 1999, 9, 211-217. 



Continuous-Flow PCR on a chip

Thermostated
copper blocks

Glass chip 
(graph A)

Channel etched 
into the glass chip 

(20 cycles)

Two Syringe pumps deliver the  sample 
DNA and the buffer onto the chip  

SCIENCE‧VOL. 280‧15 MAY 1998



Application in complex system

SCIENCE VOL 282 16 OCTOBER 1998



Conclusions 
• While PDMS has many desired attributes as a material 

for fabrication of microfluidic systems, it also has some 
limitations. 

• While PDMS reproduces masters with high fidelity, some 
geometries tend to collapse because of the elasticity of 
the material. 

• Although it is still in the early stages of development in 
this field, we believe that PDMS is an extremely 
promising material for the fabrication of microfluidic 
systems that use aqueous media. 



Acknowledgment 

• 吳益盛
• 紀永鑫
• 許梓亭



Reference 
• Anal. Chem. 1998, 70, 4974-4984.
• Anal. Chem. 1994, 66, 1941-1948
• Anal. Chem. 1997, 69, 3451-3457
• Proc. Natl. Acad. Sci. USA Vol. 91, pp. 12027-12030, 

December 1994 
• Proc. Natl. Acad. Sci. USA Vol. 96, pp. 11–13, January 

1999
• Proc. Natl. Acad. Sci. USA Vol. 96, pp. 5545-5548, May 

1999 
• SCIENCE VOL 285 2 July 1999 83-85
• Biomaterials 27 (2006) 2090–2094
• Adv. Mater. 1999, 11,No.1 37-41
• J. Micromech. Microeng. 1999, 9, 211-217. 
• SCIENCE‧VOL. 280‧15 MAY 1998  1046-1048
• SCIENCE VOL 282 16 OCTOBER 1998  484-487


	Fabrication of microfluidic systems in poly(dimethylsiloxane)
	Introduction
	Motivation behind the development of microfluidic devices 
	background of the development of microfluidic systems 
	New materials for the fabrication of devices 
	Rapid prototyping 
	Replica molding 
	Sealing 
	Surface chemistry 
	Separations �Miniaturized CE systems 
	Charge ladder 
	Separations�Sizing and sorting of DNA 
	Patterning of cells and proteins 
	Patterning of nonbiological materials 
	Cell-based biosensor 
	Detectors 
	Microfluidic switch 
	Continuous-Flow PCR on a chip
	Application in complex system
	Conclusions 
	Acknowledgment 
	Reference 

