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Transistor-based microfluidics 7

Need for a chemofluidic transistor

SOTA: Control by sensors, actuators and external units

sensing actuation

. 2

Flow channel (PDMS)

Electrodes Fluorescence Pneumatic valve Pneumatic controller
micruxfluidic.com Gotz/Brusch 2007 [elveflow.com]
University of Twente 4
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Transistor-based microfluidics =

Need for a chemofluidic transistor

Introduction to

BioMEMS

Albert Folch

Albert Folch 2012:

,The technology 1 s, howev:
that this vision is not (and never may be) as fully

realized as the exponential progression of integrated
circuit I mprovement Kknown
because 0 KSNBE A ada y2 adzOK U0KAY =
0 NJ V Aok Wwhicktdlslistain the same economy of
scale as there was for th
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Transistor-based microfluidics

Chemofluidic transistor

Basedonstimuli-r esponsi ve hyplraoged si.nto a va

Volume

conducting blocked

Physical quantity (T, ¢, pH)

=> Chemical volume phase
transition transistor (CVPT) 6
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Transistor-based microfluidics

Coupling of domains C concentration
P pressure
Chemical-fluidic (c- Q) Fluidic-chemical (Q - c¢) Q flow rate
Rbypass (high) R resistance

\Qz

Rever(C)

Q mixing junction
—> Cout
Dp
Do Cin
SCA— Cour(QQ2) = 5oy G ;
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Chemofluidic oscillator =
Principle of the oscillator
CVPT with
Pr2o= const mixing _ _ _ — — — — _ hydrogel
bufferch -~ - delay ch ~
I\ - E——
S R = const
flow rate e ——— = -

Qpp = const

Closed negative feedback loop: Crix(Rever(Cever))

high Coypr Y shrunken hydrogel Y low R.yprY low Cy,

Ve

low C.ypr Y swollen hydrogel Y high RcvaY high Cy
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Chemofluidic oscillator 7

Top-down design

Fabrication

__ge——

Concept

PH20= const mixing hydrogel /“
/ Zaﬁ//'/)/'f
buffer ch delay ch — e A Ll
]
J’
R = const

flow rate @
measurement =
Q,)c= const

Design & Simulation

D=0.165 W=0.3 L=400

D=0.165 W=0.3 L=500

delay_line

> size:
> 5cm x 5cm

D=0.165 W=0.15 L=200

bypass_line

EDA tools
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Chemofluidic oscillator

. PHa2o= const mixing hydrogel
Operation

delay ch
-
>
; ] . 8 R = const c}_"
Oow rate \ rain
a, b’ C measurement Qa1c= const d N4

pr=const
Measwrement a) Stable oscillations over many
0 f, =5.56 mHz =1/(179.8 5)
£ z hours
3 §—20 .
F 2 b) Noise probably due to pumps and
ol g -40 o
system elasticity

oo e e oso—osr e e em oo C) Agreement with simulation > 90%
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Operation
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Chemofluidic oscillator

time [s]
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AFrequency tunable by change
of pump flow rates

AOne order of magnitude
demonstrated

14



CENTER FOR

- s . clfaed i
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Breaking News!

Article published online in Advanced Materials
Technologies:

Paschew, G., Schreiter, J., Voigt, A., Pini, C., Chavez, J. P,,
Allerdilden, M., Marschner, U., Siegmund, S., Schiffny, R.,
Julicher, 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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Outro

AFunctionality 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)

AFuture goal: Coupling with biological systems (e.g. coupled oscillators, intelligent

control, .))
=> Next talk by Jorg Schreiter about modeling, simulation and design automation

Thank you for your attention!
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