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Need for a chemofluidic transistor 
 

SOTA: Control by sensors, actuators and external units 

Transistor-based microfluidics 

sensing actuation 

Flow channel (PDMS) 

Pneumatic valve Electrodes 
micruxfluidic.com 

 
 
 

Fluorescence 
Götz/Brusch 2007 

University of Twente 

 
 

Pneumatic controller 
[elveflow.com] 
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Albert Folch 2012: 
„The technology is, however, young and critics caution  
that this vision is not (and never may be) as fully  
realized as the exponential progression of integrated  
circuit improvement known as Moore‘s law, simply  
because ǘƘŜǊŜ ƛǎ ƴƻ ǎǳŎƘ ǘƘƛƴƎ ŀǎ ŀ αƳƛŎǊƻŦƭǳƛŘƛŎ  
ǘǊŀƴǎƛǎǘƻǊά on which to sustain the same economy of  
scale as there was for the electronic transistor.“ 

Transistor-based microfluidics 

Need for a chemofluidic transistor 
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Chemofluidic transistor 

Physical quantity (T, c, pH) 
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Based on stimuli-responsive hydrogels… …placed into a valve chamber 

conducting blocked 

=> Chemical volume phase 
transition transistor (CVPT) 
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Coupling of domains 

Chemical-fluidic (c ­ Q)  Fluidic-chemical (Q ­ c)  

inQQ

Q

out cQQc
21

1),( 21 +
=

2Q

1Q

outc

inc

Q

mixing junction 

pD

Q

concentration 
pressure 
flow rate 
resistance 

p

R

)(cRCVPT

bypassR (high) 

)(
)(

cR

p
cQ

CVPT

D
º

c



       Transistor-based microfluidics 

8 

Part1: Transistor-based microfluidics 

 

Part2: Chemofluidic oscillator 



       Chemofluidic oscillator 

Principle of the oscillator 
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Closed negative feedback loop: ))(( CVPTCVPTmix cRc

ÝCVPTc ÝCVPTR mixchigh low low 

ÝCVPTc ÝCVPTR mixclow high high 

CVPT with 

shrunken hydrogel 

swollen hydrogel 

Ý
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Top-down design 
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Concept 

Design & Simulation 

Layout 

Fabrication 

EDA tools 

size: 
5cm x 5cm 
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Operation 
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a) Stable oscillations over many 
hours 
b) Noise probably due to pumps and 
system elasticity 
c) Agreement with simulation > 90% 
d) Bypass could be used for  
  oscillations of concentrations 
  at constant flow rate 

a,b,c d 
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Operation 

Å Frequency tunable by change 
of pump flow rates 
Å One order of magnitude 
demonstrated 
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Chemofluidic oscillator 

Article published online in Advanced Materials 
Technologies: 

Paschew, G., Schreiter, J., Voigt, A., Pini, C., Chávez, J. P., 
Allerdißen, M., Marschner, U., Siegmund, S., Schüffny, R., 
Jülicher, F. and Richter, A. (2016)  
Autonomous Chemical Oscillator Circuit Based on 
Bidirectional Chemical-Microfluidic Coupling.  
Advanced Materials Technolo.  
doi: 10.1002/admt.201600005 

Selected as frontispiece! 
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Å Functionality of microfluidics based on chemofluidic transistors:   
- Input and output quantities can be chemical concentrations and flow rates 
- a variety of chemicals demonstrated: pH, ions (incl. salts), organic solvents, 
biochemicals (e.g. glucose) 

Å Future goal: Coupling with biological systems (e.g. coupled oscillators, intelligent 
control, …) 
 

=> Next talk by Jörg Schreiter about modeling, simulation and design automation 
 

Thank you for your attention! 


