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Highway to Hell or Stairway to Heaven?              

ïa personal journey through 

25 years of microfluidics

Holger Becker



Motivation

The field has made an 

incredible journey in 

the last 27 yearsé.



Motivation

This is also true on the 

commercial/industrial 

scale

Source: Caliper Life Sciences



Motivation

1. Explore the requirements of industrial 

microfluidics vs. academic work

2. Lessons learned on the way



Motivation

Commercial microfluidic devices should fulfill a 

few basic criteria:

ÅIncreasing demand for functional integration

in microfluidic chips:  sample-in answer-out

ÅDemand for simpler instrumentation

(smartphoneé.)

ÅRobustness

ÅEase of use!



Motivation

Does this fulfill these critera?

groups.csail.mit.edu
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From Ăchip-in-a-labñ to Ălab-on-a-chipñ

How to get fromé 

Source:

Atlas Genetics

hereé.                           toé              there?
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Motivation

This clearly exemplifies the difference between 

academic RESEARCH and industrial PRODUCT 

DEVELOPMENT

As many of you will end up in industry, it might 

be useful to spend some thought on the 

differencesé.
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What is the difference to (most of) the academic 

devices?

Motivation

Å Basic materials

Å Fully integrated complex protocols

Å Heterogeneous materials and integration

Å Complex assembly

Å Integrated valves

Å Integrated reagents



Wish-list

The ideal materialé

Å Long-term biocompatible

Å Great optical properties (transparency, autofluoresenceé)

Å Tuneable stable (and defined) surface energy

Å No uptake of small molecules over time

Å No protein adsorption/accumulation on surface over time

Å Stiff/elastic or both?

Å High feature reproducibility in microfabrication

Å Large dynamic range of features

Å Volume manufacturing technologies exist

Å Cheap

Å Commercially available (ideally from different sources) in different 

forms (pellets, sheets, filmsé.)



..and reality

Parameter Glass PDMS Thermoplastic

Biocompatibility
J J J

Optical properties
J J J

Surface chemistry
J K J

Small molecule uptake
J L J

Protein adsorption
K K J

Mechanical prop.
JKL JKL JKL

Feature size
K J K

Dynamic range
K K J

Volume manufacturing
J L J

Price
K L J

Availability
J K J



Mind the gap!

Relative frequency in % of materials used in Lab-on-a-Chip 

publications between September 2009 and September 2010.

H. Becker, C. Gärtner, Science Progress (2012), 95(2), 175-198
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On a more philosophical levelé

Academic research:

Hypothesis

K. R. Popper, Logik der Forschung, Springer, 1935; english edition, The logic of scientific 

discovery, Routledge, London, 1959.

Proof-of-concept

Next hypothesis
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Industrial product development:

Requirement Specs. Product

Prototype

On a more philosophical levelé
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Academic research:

Has to work once or a few times (enough to 

write a paper, not necessarily to put error bars 

on measurements)

Commercial product:

Has to work with (for all matters) identical 

performance every time
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The other difference:

$$$$$$$/úúúúúúúú

A product has to fulfill cost requirements



Commercial issues

Main Challenges

Å Cost

We see similar numbers in molecular diagnostic cartridges

Å Skills in production

From:  Macdara T. Glynn,  David J. Kinahana , Jens Ducrée , Lab Chip, 2013,13, 2731-2748
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Cost modelling: Device cost
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Cdev : cost per device at a given production volume n

Cmat : raw material cost per device

CNRE : non-recurring cost (development, tools, etc.)

C0 : initial process cost for the first device

N : process-specific cost-scaling factor

H. Becker, Lab Chip, 2009, 9, 2759ï2762



Cartridge Components

3 molded parts

1 molded cartridge body + 2 

cover films

1 size separation membrane

4 molded parts

1 liquid reagents

4 lyophilized reagents

4 thermoformed blisters with 

liquid reagents

4 venting membranes

1 molded part

Total: 9 molded parts

5 membrane assemblies

4 blister filling & assembly

4 dry reagents

2 film bonding
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Cost modelling: Device cost

1. The more complex the device, the more complex 

the cost modelling

2. The scaling factors can be extremely different and 

depend on investments in tools and automation

3. It helps to identify which processes have the most 

cost saving potential

4. Assembly cost tend to be underestimated
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Cost modelling: Yield

H. Becker, Lab Chip, 2009, 9, 2759ï2762



If done wellé


