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Motivation C ipgly?

Source: Caliper Life Sciences

Microfluidic devices came a long way since the first
commercial stepse



Microfluidic Cartridge Examples "“Chipshep

Atlas Genetics : STDtesting in an integrated cartridge
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Flexible membrane
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What is the difference?

Fully integrated complex protocols
Heterogeneous materials and integration
Complex assembly

Integrated valves

Do To o I» I»

Integrated reagents



1. Protocol Integration "“Chipshep

Fulfilling early promises
We can nowadays make really complex devices

FUNCTIONAL INTEGRATION
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Challenges

To

Deconstruktivistic approach does not work that well

Complex interaction of individual elements (unlike
microelectronics!)

Limits of simulation and modelling
Very application -specific devices

Little standardisation
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A strategic approach

Modularization
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For many functionalities, off -the-shelf modules are
available which speed up the proof  -of-concept phase
(and save moneye)

Plasma/serum Mixing Sample prep Continuous -flow
generation chambers PCR
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1. Develop and validate functional modules for the
typical functions needed in most assays (e.g. lysis
and DNA extraction, PCR etc.)

2. Use these modules similar to an element library in
microelectronics

3. Combine these modules to run proof -of-concept
experiments of complex assays

4. Combine modules to a single integrated microfludic
device
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+ More flexible - Fixed design

+ Easier to troubleshoot + Easier manufacturing
- Deadvolumes + Optimized geometry
- Further from product + Close to product

- More expensive
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A. Wu, L. Wang, E. Jensen, R. Mathies, B.
Boser, Lab Chip 2010, 10, 519 -521.

Cartridges consist out of a
variety of materials and

components:

Complex assembly protocols

and technologies

Pneumatic
valve actuation
(glass)

Valve membrane
(PDMS)

Fluidic channels
(glass)

PDMS (adhesion)
PCB (polyimide)

Interconnects

PCB protection

Polymer chip with GMR sensor,
magnetic stirrer and blister

Polymer chip
on PCB
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. Top Cover Film
Photonic Sensor /

Inlet 1 / Urine Filter

Molded Body

Gasket for Sensor > &>

Vent Membrane —

Inﬂlet3 Inlet 2

@Pocket

\ Bottom Cover Film

Cartridge for LAM-based TBanalysis from urine
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4+5: Valve assembly 1

3: Luer port > ‘ ‘% .
2: Cover film Raman \ 5+6: Valve assembly 2
—

chamber

G /

7: Cartridge body

\ 8: Cover film for

o CanDog

A CANCER DEVELOPMENT MONITOR

9: Adhesive gasket for
Raman window
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10: Raman window

Cartridge for CTC analysis using Raman spectroscopy
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Valve technologies

1. Mechanical turning valve

2. Passive caplillary valve

3. Elastomeric membrane valve
4. Thermoplastic membrane valve
5. Wax valve

6. Freeze-thaw valve

AThere is no aone size f
A What works for academia might not be a
commercially viable solution
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1. Mechanical turning valve analogous to a

macroscopic HPLCvalve :
A Switches between different channels

A Can be used for metering

/ Seal face (soft component)
N
, Connecting channel
y Valve body (hard component)

Drive connector




3. Integrated valves
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valve body

actuation

valve holder

valve seat
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1. Mechanical turning valve

+ Versatile ( multiport , metering )
+ Normally closed valves possible

+ Good to manufacture

- Needs a mold /mold insert
- Needs external actuation

- Relatively large
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2. Thermoplastic membrane valve

A Pneumatically actuated , thermoplastic layer

closes off fluidic path

A Material properties have to be taken into

account (only special materials work reliably )
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2. Thermoplastic membrane valve

+ Acceptable fabrication effort

+ Homogeneous materials

- Relatively large

- Repetitive use can create stress-cracks (TPE-like
material slowly available )

- Normally closed valves difficult

- Needs relatively high actuation forces
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aeEverything -on-a-c hi p o
All reagents stored on the cartridge

A Dry reagent storage (lyophilization , air
drying )
A Liquid reagent storage (tanks, blisters)

No fluidic Interconnects between cartridge and

Instrument !



4. Integrated reagents
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Dry reagent integration

Lyophilization /Air drying
A Wide range of chemicals
A Comparatively stable

A Simpler in manufacturing

Spotting
A High degree of multiplexing

A More complex

COPYRIGHTmicrofluidic ChipShop 2017
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4. Integrated reagents "“Chipshep
r————————--

Tanks for liquid reagent storage

A Good for higher volumes
A Mechanically very stable

A Can be used for actuation

22
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4. Integrated reagents Chipshep

Fluidic blisters

A Different shapes and volumes available
A Typically 50uL  A300pL
A Inorganic solutions, acids, bases



