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From classical diagnostics to microfluidic-based point-of-care diagnostics
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Our vision on using microfluidics and IoT for next-generation miniaturized assays

• precision - manipulation of small volumes of liquids with precise release of integrated reagents

• portability – microfluidic chip, chip peripheral, smartphone connection

• intelligence – real-time flow monitoring, failure detection and flow path selection & flow control

• security – optical or electrical security codes against counterfeiting
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Transposing lateral flow immunoassays to capillary-driven microfluidics

classical lateral flow assays connected diagnosticsmicrofluidics with integrated reagents
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3 µm feature size, 70 capillary valves, total volume: 5 nL

Precise encoding of the capillary-driven flow

a microfluidic watch running autonomously

using capillary-driven flow and passive valves

https://www.youtube.com/watch?v=KuDddH3nWO0

capillary pressure & flow resistance microfluidic chip fabricationmicrofluidic chip design

Si microfluidic chip

(1 cm × 3 cm)

pipetted 

sample

100 µm

https://www.youtube.com/watch?v=KuDddH3nWO0
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A common problem: Strong accumulation of reagents at the liquid front

1 mm

~1 nL amaranth dye solution (30 mg/ml) deposited at each spot (250 µm pitch)

• inkjet-based deposition of reagents in microstructures

• reagents dissolve and accumulate along flow direction
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Self-coalescence flow module for integrating and dissolving reagents in microfluidics

• a scalable approach for uniform dissolution of dried reagents

• compatible with active pumping and capillary-driven flow

O. Gökçe, S. Castonguay, Y. Temiz, T. Gervais, E. Delamarche, Nature 574, 228–232, 2019

ultra precise release of reagents in a flow of solution

“self-coalescence flow module”
1 mm

https://www.nature.com/articles/s41586-019-1635-z
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Assay for measuring G6PDH activity using a self-coalescence flow module

assay done with a single Self-Coalescence Module in 2 minutes, using few 100s nL

O. Gökçe, S. Castonguay, Y. Temiz, T. Gervais, E. Delamarche, Nature 574, 228–232, 2019

https://www.nature.com/articles/s41586-019-1635-z
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Integration of receptor-coated microbeads to capillary-driven microfluidic chips

• only one pipetting step of the bead 

solution

• self-assembly and drying do the job of 

packing the beads

• 5µm beads packed in a 20µm×100µm 

area

E. Hemmig, Y. Temiz, et al., Anal. Chem. 92(1), 940-946, 2020

https://pubs.acs.org/doi/10.1021/acs.analchem.9b03792
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Proof-of-concept assays implemented on capillary-driven microfluidic chips with integrated reagents 
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cTnI: cardiac troponin I

dAb: detection antibody

cAb: capture antibody (receptor)

Immuno-gold silver staining 

assays for the detection of malaria

One-step sandwich immunoassay for 

the detection of Troponin-I

3.3 pg mL-1 PSA in PBS 

→ washing buffer → 5.5 

μg mL-1 Atto594-labeled 

dAbs → washing buffer.

Assay time: ~20 min

LOD: 108 fM or 3.6 pg/ml

Single bead arrays for the 

detection of PSA

Hemmig et al., Anal. Chem. 92, 2020N. M. Pham et al., Biomedical Microdevices, 21, 2019Y. Temiz et al., SPIE Photonics West, 2016

https://pubs.acs.org/doi/10.1021/acs.analchem.9b03792
https://link.springer.com/article/10.1007/s10544-019-0376-y
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9705/1/Single-bead-arrays-for-fluorescence-based-immunoassays-on-capillary-driven/10.1117/12.2212121.short?SSO=1
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Diagnostic tests and counterfeiting

www.who.int/tdr/publications/documents/vl-rdts.pdf

• WHO estimates 8% of medical devices are 

counterfeit

• just for malaria alone, 314 millions 

diagnostic tests were used in 2014

• were all these diagnostics genuine? NO
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Embedding dynamic optical security codes to silicon microfluidic chips

erasable code on a microfluidic device

1 mm

spotted 

ink

100 μm

150 μm

inkjet 

tipseparation

optical code on “islets”

the code can be embedded on the diagnostic 

device, not just be present on the package

O. Gokce, C. Mercandetti, and E. Delamarche, Anal. Chem., 90, 2018

1 mm

https://pubs.acs.org/doi/10.1021/acs.analchem.8b00826
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Dynamic codes implemented on conventional materials used for rapid diagnostic tests

• 152 bits of information (at least 1045 combinations)

• Dynamic codes have a hidden layer of information compared to static codes

dynamic optical codes written on a nitrocellulose membrane and read out using smartphone’s camera
flow

t2

t4 post-assay codet3

pre-assay code

O. Gokce, C. Mercandetti, and E. Delamarche, Anal. Chem., 90, 2018

t1

https://pubs.acs.org/doi/10.1021/acs.analchem.8b00826
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Electronic peripherals and smartphone towards connected diagnostics

bi-directional communication between 
microfluidic chips and a smartphone using 

compact and portable peripherals

trapping particles using dielectrophoresis

flow control using a protocol uploaded from 

smartphone

continuous flow monitoring in sub-nL

precision

real-time failure detection

guiding the user (when to pipette, end of test)

compact/portable readers for optical detection

reading security features using smartphone
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Dielectrophoretic trapping of microbeads using a smartphone-controlled peripheral 

2*3 )Re(2 ECMRF mDEP = 

  cm

capillary-driven flow

chipperipheral

smartphone

DEP OFF (0 min) DEP ON (after 1 min) DEP ON (after 4 min)
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Electrowetting

17

Stop-and-Go control of flow using “Electrogates”: towards a universal microfluidic chip 

• adding flow control to capillary-driven microfluidic chips 

by combining liquid pinning and electrowetting

assay protocol applied from 

a smartphone application

V=0

V>0

Laplace pressure and 

meniscus pinning

Y. Arango, Y. Temiz, O. Goekce, E. Delamarche, Appl. Phys. Lett., 112, 2018

https://aip.scitation.org/doi/10.1063/1.5019469
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Characteristics of electrogates

capillary-driven flow liquid pinning electrowetting

• compatible with autonomous capillary-driven flow

• low actuation voltage (< 10 V), smartphone control

• long retention time (> 30 min)

• fast actuation (<1 s)

• compatible with biological buffers and human serum

• 4 different fabrication processes developed

microfluidic chip with 

multiple electrogates

1 mm

SiO2

electrode
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flow 

direction

y

x
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Programming microfluidic path and flow conditions from smartphone

microfluidic path and assay protocol defined by a smartphone interface

19

70 mm

peripheral with 

Bluetooth 

connectivity

assay 

protocol

1 mm

pipetted sample 

(5 µL)

Arango*, Temiz*, Gokce, Delamarche, Science Advances 6 (16), 2020 

https://advances.sciencemag.org/content/6/16/eaay8305
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Sequential delivery of liquids has been a long-lasting challenge in capillary-driven microfluidics



IBM Research

yte@zurich.ibm.com | IBM Research - Zurich © 2020 IBM Corporation21

Synchronized merging of multiple liquids without trapping air

Arango*, Temiz*, Gokce, Delamarche, Science Advances 6 (16), 2020 

e-gate 2e-gate 1

liquid 1 liquid 2

activating e-gate 2 activating e-gates 1 and 2

liquid merging liquid merging

100 µm

https://advances.sciencemag.org/content/6/16/eaay8305
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Concluding remarks

• Capillary flow – can be programmed very precisely in miniaturized assays to encode flow on nL s-1 levels

• Flow control – electrogates can be triggered by a smartphone app for defining flow paths and temporarily 

stopping flow at pre-determined locations

• Flexible design - library of functional elements combined for specific applications + smartphone protocol

• Security - counterfeit diagnostic tests are a reality – embedded optical or electrical security codes can help
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https://youtu.be/PBSYnk9T4o4

https://github.com/IBM/MicroscoPy

An open-source microscope

https://youtu.be/iel4a4HiDss

Programmable liquid circuits

https://youtu.be/PBSYnk9T4o4
https://youtu.be/PBSYnk9T4o4
https://github.com/IBM/MicroscoPy
https://youtu.be/iel4a4HiDss
https://youtu.be/iel4a4HiDss
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