
Training, service providing, protocols for regular user access 

Microfluidics 
the science and technology for 

miniaturized laboratories on-chip

vania.silverio@tecnico.ulisboa.pt
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MINIATURIZATION

Fine-tuning ENIAC
J. Presper Eckert (the man in the foreground turning a knob) served and John 

Mauchly (center) designed ENIAC to calculate the trajectory of artillery shells. The 

machine didn't debut until February 1946, after the end of World War II, but it did 

launch the computer revolution. 

Eckert-Mauchly Computer
Mauchly and one of ENIAC's

programmers. After a

disagreement with the

University of Pennsylvania over

patents, Mauchly and Eckert

left to form the Eckert-Mauchly

Computer, which was bought a

few years later by Sperry Rand

and later became Unisys.

Although Eckert stayed on,

Mauchly left and was nearly

broke when he died in 1980.

trajectory exam
Frances Blias and Elizabeth

Jennings with ENIAC. Women

performed many of the

mathematical calculations and

developed the programming

techniques. Although they didn't

get credit at the time, their role

has recently become better

acknowledged. "The audience

was absolutely astounded. ENIAC

ran the trajectory faster than it

took the bullet to trace it. People

got, as a souvenir, a printout of

the trajectory we ran," said Jean

Bartik, one of the surviving

programmers, about the first

demonstration of ENIAC to the

military and other scientists.

http://www.zdnet.com/pictures/images-birth-of-the-first-computer
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MINIATURIZATION

https://mspoweruser.com/zotac-reveals-next-gen-pico-mini-pcs-with-latest-cpu-

from-intel-and-amd/

http://blog.gsmarena.com/intels-rosepoint-chip-wifi-and-cpu-squeezed-onto-one-piece-of-silicone/

http://www.computerhistory.org/atchm/the-worlds-smallest-computer/
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4

CHEMICAL LABORATORY IN THE 30’S LIFE SCIENCES LABORATORY IN ~ 2000

LABORATORIES 
OF THE FUTURE



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04

MICROFLUIDICS
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MINIATURIZATION

mi· cro· flu· id· ics

“It is the science and technology of systems that process or

manipulate small amounts of fluids, using channels with

dimensions of tens to hundreds of micrometres.”

GM Whitesides, The origins and the future of microfluidics, Nature 442(2006)368-373

Surface tension
Energy dissipation
Fluidic resistance

dominated by
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EVOLUTION OF MICROFLUIDICS TECHNOLOGY



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04

Red blood cells Platelets

1aL         1 fL 1pL         1 nL 1 µL        1mL        1L           1000L      Volume scale

LENGTH SCALES

Microfluidic devicesNanofluidic devices Conventional fluidic devices

Haemoglobin
HIV

E-coli

Hair

Hand

Humans

1Å         1 nm 10 nm 100 nm 1µm 10 µm    100µm    1mm      1cm        10 cm      1 m        Length scale

White blood cells

MEMSNanotechnology Mesoscale
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• Required when the application demands handling of very small liquid volumes (ex: inkjet printers, drug administration, chemical

microanalytical systems, …)

• Advantages of scaling down

• Decreased sample and reagent volumes

• Faster response : shorter diffusion distances

• Paralell, multitarget and multiplex detection

• Portable

• Small economic footprint

• Efficient automation and integration: several
functions at the same chip – lab-on-a-chip, µTAS, 
organ-on-chip, lab-on-a-CD, …

• Disadvantages of scaling down

• Increased surface tension influence

WHY MICROFLUIDICS ?
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MICROFLUIDICS INTEGRATION

-…
- Septum

Fluid actuation:
- Peristaltic pump
- Syringe pump
- Integrated system
- Micropump
- Active/passive valves
- Capillary forces

Mixing:
- Passive mixers
- Active mixers
- Piezo technology
- Surface waves
- Magnetic forces

Storage:
- Lyophilized 
reagent
- Liquid storage 
(blister or 
pouch)
-…

Storage:
- Dry reagents

Micro valve technology
Waste management

Detection:
- Optical
- Electrical
- Electro-chemical
- Integration of sensors

Surface modification:
- Hydrophobic/Liophobic
- Hydrophilic/Liophilic

Bonding:
- Oxygen plasma
- Pressure
- Adhesives
- Thermal compression
-…

Filtration / 
Separation/
SortingReaction

Metering and
Environment
control

Sample inlet:

- Luer connector

- Pipette tip
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MICROFLUIDICS FEATURES

Mixers Chambers Valves

Pumps
Nozzles
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MICROFLUIDICS FEATURES

Needles Reactors Dispensers

Filters
Separators
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http://www.yole.fr/Microfluidic_Applications_Technologies.aspx#.Wc-WtsZry00
http://www.yole.fr/2014-galery-MedTech.aspx

Micropumping

Microneedles

Droplet generation

Paper-based microfluidics

Electrowetting / digital microfluidics

Acoustic microfluidics

Mixing

Touchscreen

Sample preparation techniques

Drug Delivery

Microreaction

Autofocus

Consumer

IC CoolingClinical & Veterinary
Diagnostic

Point-of-Care
Diagnostics

Pharmaceutical
& Life Sciences Research

Analytical Devices

Industrial
& EnvironmentalTesting

Emerging
Applications

2015      2020    2025
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https://www.slideshare.net/Yole_Developpement/microfluidic-applications-reportjune2015sample
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HOW TO START ?

1
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HOW TO START ?

1
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LENGTH SCALES

Scanning probe
E-beam

µNeedles

Nanodevices
Nanofilters / channels

/ membranes / … µAnalysis systems

µFilters / µReactors

µPumps / valves / flow sensors

1aL         1 fL 1pL         1 nL 1 µL        1mL        1L           1000L      Volume scale

1Å         1 nm 10 nm 100 nm 1µm 10 µm    100µm    1mm      1cm        10 cm      1 m        Length scale

µTAS (Total Analysis System)

Nanoimprint

UV - lithography

Integrated Circuit

wafer

MEMS

Thin films
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MICROFABRICATION MATERIALS

18

Silicon Glass, Quartz

Elastomers: PDMS

Thermoplastics: PMMA, PC, PEEK, COC, COP, PS

Ceramics Metals Paper
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Si / Glass

Lithography

Wet etching

Dry etching

Thin film deposition

Wafer bonding

Elastomer

Hardmask

Coating

Soft lithography

Elastomer casting

Bonding

Polymer

Hot embossing

Micromilling

IM and HE mold (insert)

Injection moulding

Bonding

General / 
back-end

Electrical, analytical
and/or fluid Interfacing

Coating

Hybrid assembly

Flip-chip bonding

Dicing/packaging

KEY FABRICATION TECHNOLOGIES
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MICROFABRICATION TECHNIQUES

http://pubs.rsc.org/en/content/articlehtml/2011/lc/c1lc20514e

Injection Molding and Hot Embossing

+ : High-throughput
- : Cost, Features, 
Equipment

Replica Molding

+ : Easy, Time, Cost
- : Deformable, 
Pressure

Silicon and Glass Machining

+ : Features, 
Pressure
- : Cost, Time, 
Equipment

Polimer Machining and Laser Ablation

+ : Integration, Cost
- : Time, Features, 
Pressure

EXPENSIVE

SLOW

CHEAP

QUICK
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� Cleanroom Class 10/100 
(~100m2)

� Silicon backened processing for feature sizes down
to 20 nm

� Up to 8 inch wafer (200 mm) processing

� Area for support equipment and film deposition
cleanroom Class 10000 (~150m2)

� Chemical wetbench for biological processing

� Laboratories for film and device characterization

� Microfluidics lab, Packaging lab, Optics lab, BioLab

INESC-MN INFRASTRUCTURES
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� Cleanroom Class 10/100 
(~100m2)

� Silicon backened processing for feature sizes down
to 20 nm

� Up to 8 inch wafer (200 mm) processing

� Area for support equipment and film deposition
cleanroom Class 10000 (~150m2)

� Chemical wetbench for biological processing

� Laboratories for film and device characterization

� Microfluidics lab, Packaging lab, Optics lab, BioLab

INESC-MN INFRASTRUCTURES
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� Cleanroom Class 10/100 
(~100m2)

� Silicon backened processing for feature sizes down
to 20 nm

� Up to 8 inch wafer (200 mm) processing

� Area for support equipment and film deposition
cleanroom Class 10000 (~150m2)

� Chemical wetbench for biological processing

� Laboratories for film and device characterization

� Microfluidics lab, Packaging lab, Optics lab, BioLab

INESC-MN INFRASTRUCTURES
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• Controlled temperature (20ºC), air pressure, humidity, airbone particles, 
vibration, lighting, etc.

INESC-MN INFRASTRUCTURES
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MICROFLUIDIC DEVICES AT INESC-MN
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MICROFLUIDIC DEVICES AT INESC-MN
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MICROFLUIDIC DEVICES AT INESC-MN

27Silverio V., Cardoso S. (2018) Microfabrication techniques for microfluidic devices, in FJ Galindo-Rosales Ed., Complex Fluid-Flows in Microfluidics, Springer, Cham
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ACCURATE and TRACEABLE
measurements 

of 
micro-to-femto volumetric flow rates 

are still 

a technological challenge
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FLOW CONTROL AND MEASUREMENT
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Flow control
• Magnetic actuation

• Quake valves

• Surface modification

Flow measurement
• µPIV: fluorescence measurements of channel dimensions and flow velocity

• Spin valve sensors: chip integration of flow velocity measurements

FLOW CONTROL AND MEASUREMENT
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Flow control
• Magnetic actuation

• Quake valves

• Surface modification

Flow measurement
• µPIV: fluorescence measurements of channel dimensions and flow velocity

• Spin valve sensors: chip integration of flow velocity measurements

FLOW CONTROL AND MEASUREMENT
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FLOW CONTROL AND MEASUREMENT

Magnetic attraction or repulsion

FLOW
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FLOW CONTROL AND MEASUREMENT

Electroplated Copper Coils

Silverio V. et al. (2017) On-Chip Magnetic Nanoparticle Manipulation and Trapping for Biomedical Applications, DOI:10.1109/TMAG.2017.2715848
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FLOW CONTROL AND MEASUREMENT

Central -C, Normal -N, Reversed -R, Squared -S, Large -L, Filling -F

different designs were combined in 8 chips to a total 
of 56 chips in one 8” wafer

MEMT Design:  4 external coils in series and 1 central coil 
connected for opposite direction of trapping
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FLOW CONTROL AND MEASUREMENT

• 8” single side polished 725 µm-thick Si wafer 

• isolation layer - SiO2 (1500nm)

• Bottom track - TiW(N) (15nm)/Al (600nm)/TiW(N) (15nm) 

• Optical lithography + ICP etch 

• Isolation Layer - SiO2 (500nm)

• Stopping layer for Ta seed layer etch - Al2O3 (50nm)

• Optical lithography, RIE etching (Al2O3 layer to SiO2 layer) and RIE-APS 
etching (SiO2 layer to TiW(N) layer). 

• seed layer - sputtering of Ta (10nm) /Cu (200nm)

• patterning of 40 µm-thick photoresist preceded the Cu electroplating 
(Cu deposit on H2SO4, 280min, 5mA.cm-2, 24ºC, 12rpm agitation) 

• Etch seed layer - (1:2 H2O:Al etchant) 

• Ta layer removed by XeF2 dry vapor-phase etching

• spin coating polyamide (20 µm) for passivation, uniformization of surface 
topography and structural reinforcement

• Separation and holes - Si Etching, AlSiCu/TiW(N) wet etching

• Reflective coating of AlSiCu (200nm)



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04

FLOW CONTROL AND MEASUREMENT
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FLOW CONTROL AND MEASUREMENT
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FLOW CONTROL AND MEASUREMENT

m
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n
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n
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The vertical magnetic field over the central 

coil is opposite to the vertical field in the 4 

outer coils

• favorable for particle trapping and cell 

concentration - repulsion

The field generated by -30 mA was measured to 

range to +280 µT

1000 mA actuation + PM field 

• larger magnetic fields: up to 3000 µT

• sufficient to generate a magnetic force to 

deflect the MNP trajectories and trap them

-30 mA
Sensor @ 200 µm from the chip surface 

Magnetic Tunnel Junction (MTJ) 
sensitivity -26.4 Ω.Oe-1, dimension 58.5 × 4 µm2

+30 mA
Sensor @ 200 µm from the chip surface 

direction of the 
current in the coils

direction of the 
current in the coils
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MNP ACTUATION

16 pulses @  +750 mA
1 s ON + 2 s OFF + 1 s ON + …

16 pulses @  –750 mA
1 s ON + 2 s OFF + 1 s ON + …

direction of the 
current in the coils

MNP concentration
0.058  mg.mL-1

MEMT chip + 
microfluidic channel

microchannel 

Tsurf,max = 37 ◦C
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MNP ACTUATION
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Flow control
• Magnetic actuation

• Quake valves

• Surface modification

Flow measurement
• µPIV: fluorescence measurements of channel dimensions and flow velocity

• Spin valve sensors: chip integration of flow velocity measurements

FLOW CONTROL AND MEASUREMENT
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QUAKE VALVES
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Pinto I. et al. (2018) A regenerable microfluidic device with integrated valves and thin-film photodiodes for rapid optimization of chromatography conditions, 

Sensors and Actuators B: Chemical, 255(3): 3636-3646, DOI: 10.1016/j.snb.2017.09.167



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04

Flow control
• Magnetic actuation

• Quake valves

• Surface modification

Flow measurement
• µPIV: fluorescence measurements of channel dimensions and flow velocity

• Spin valve sensors: chip integration of flow velocity measurements

FLOW CONTROL AND MEASUREMENT
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SURFACE MODIFICATION

Silverio V. et al. (2019) Surface wettability and stability of chemically modified silicon, glass and polymeric surfaces via room temperature chemical vapor deposition, Colloids 

and Surfaces A: Physicochem. Eng. Aspects, 570(5):210-217, DOI: 10.1016/j.colsurfa.2019.03.032
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SURFACE MODIFICATION

Silverio V. et al. (2019) Surface wettability and stability of chemically modified silicon, glass and polymeric surfaces via room temperature chemical vapor deposition, Colloids 

and Surfaces A: Physicochem. Eng. Aspects, 570(5):210-217, DOI: 10.1016/j.colsurfa.2019.03.032
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SURFACE MODIFICATION

Silverio V. et al. (2019) Surface wettability and stability of chemically modified silicon, glass and polymeric surfaces via room temperature chemical vapor deposition, Colloids 

and Surfaces A: Physicochem. Eng. Aspects, 570(5):210-217, DOI: 10.1016/j.colsurfa.2019.03.032
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Flow control
• Magnetic actuation

• Quake valves

• Surface modification

Flow measurement
• µPIV: fluorescence measurements of channel dimensions and flow velocity

• Spin valve sensors: chip integration of flow velocity measurements

FLOW CONTROL AND MEASUREMENT
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• working fluid is seeded with small fluorescent tracer particles 
• particles ~1µm diameter

• ρparticle ~ ρfluid

FLOW CONTROL AND MEASUREMENT
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FLOW CONTROL AND MEASUREMENT

Autocorrelation
Cross correlation
Average correlation

http://www.piv.de
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FLOW CONTROL AND MEASUREMENT

PARTICLE IMAGE VELOCIMETRY – µPIV 15 Hz µPIV

HighSpeed µPIV
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• gradient parameters that can be derived from the flow velocity 
information resulting from 2D-PIV, and aid in quantification and 
interpretation of the flow phenomena studied

Stamhuis, Aquatic Ecology, 2006, 40 463–479
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FLOW CONTROL AND MEASUREMENT

4.7 % deviation
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Silverio V et al. (2010) Heat transfer investigations in micro-channel flows, Proceedings of the 15th Int Symp on Applications of Laser Techniques to Fluid Mechanics

Lisbon, Portugal, 05-08 July, 2010,Paper #1844
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Flow control
• Magnetic actuation

• Quake valves

• Surface modification

Flow measurement
• µPIV: fluorescence measurements of channel dimensions and flow velocity

• Spin valve sensors: chip integration of flow velocity measurements

FLOW CONTROL AND MEASUREMENT



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04

MAGNETIC FLOW CYTOMETRY

Cardoso et al, Biosensors (Basel). 2016 Apr 27;6(2):19. doi: 10.3390/bios6020019



Cooperação Transnacional Programa Pessoa / Partenariats Hubert Curien (PHC), Project 3773/38027RF Hybrid microsystems integrating acoustophoresis and magnetoresistive sensors for biomedical applications
2018.10.04

SPIN VALVES FOR VELOCITY MEASUREMENTS

Silicon substrate

SV sensor 2 x 6 µm2

PDMS channel

H 20 µm, W 100 µm, L 2.8 mm

250 nm superparamagetic particles

DI water

H.A. Ferreira et al. (2004) Flow velocity measurement in microchannels using magnetoresistive chips, IEEE Transactions on Magnetics, 40(4):2652-2654 DOI: 10.1109/TMAG.2004.830403
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SPIN VALVES FOR VELOCITY MEASUREMENTS

MNP added at the inlet

DI water added at the inlet
Using 1 sensor
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SPIN VALVES FOR VELOCITY MEASUREMENTS

MNP added at the inlet

DI water added at the inlet
Using 1 sensor Using 2 sensors

Sensor 1
Sensor 2

Sensor 1
Sensor 2

47 µm/s

262 µm/s
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INTEGRATION
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MICROFLUIDICS STANDARDIZATION ROADMAP
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MICROFLUIDICS STANDARDIZATION ROADMAP

Microfluidics
Association
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INESC MN’S GREAT TEAM !
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VISIT US IN LISBON, PORTUGAL

CHECK WHAT WE DO @ INESC-MN.PT

THANKYOU FORYOUR ATTENTION


