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6.4. Leakage
The flow rate can considerably be
affected by leakage in the system,
often this happens in the
connecting points. Leakage can
also occur in case of delamination

of the chip, or when cracks appear

B due to overpressure or destructive
f modification of the chip material

(due to over-heat for example).

Silverio V, Metaxiotou Z, Batista E, Kartmann S, Ogheard F, Lotters J (2022). MFMET A1.1.2
- Definitions Symbols and Vocabulary of Flow Control.
https://doi.org/10.5281/zenodo.7092031
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Fluid and Flow in microfluidic T
devices

M Gasses and liquids
together

® Liquids only

Type of fluid Type of flow coes )

B Newtonian
fluids

m Continuous flow

®m Non-Newtonian
fluids

M Discontinous flow

Henne van Heeren (2015) Results survey on microfluidics flow control, enablingMNT



https://mfmet.eu/wp-content/uploads/2022/02/2015-Microfluidics-Flow-Control-results-from-survey-enablingMNT.pdf
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Fluid and Flow in microfluidic devices
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1 nl/min 1 pl/min
1 pl/min 100 pl/min D.S %
100 pl/min 10 ml/min 0.1%

F1 ‘nano’ flow traceability: F2 ‘micro’ flow traceability: F3 ‘milli’ flow traceability:
optical methods gravimetric methods gravimetric methods
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Fluid and Flow in microfluidic devices
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Henne van Heeren (2015) Results survey on microfluidics flow control, enablingMNT
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FMEA: Failure Mode
and Effect Analysis

van Heeren H, Davies M, Keiser A, Lagrauw
R, Reyes D R, Silverio V, Verplanck N (2022)
Protocols for leakage testing
https://doi.org/10.5281/zenodo.6602162

Table 1. FMEA for Microfluidic Devices
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Malfunctioning risk analysis / FMEA for microfluidic devices

Table 1. FMEA for Microfluidic Devices

Table 2. Rating description for effect and its severity (S)

Topic Potential Effect / Potential Test / visual | Risk Improvement / | Actions Value | Description Criteria
Faluretods E?i”ﬁ;) E?Euci\fnfmns }Zﬁﬁiﬁlg Eyr‘:llt:t:r :tg‘x:nsm‘ ;ﬁ?jr It is not likely to have much of an impact and will most likely be ignored by the
(pp:rlnrliaol;lliw E;fji‘ieni §*P*D Investigation 1 Minor sfakeh nlder.
?Sfiffi‘gjn 2 Low It is likely to cause some amount of uneasiness to the stakeholder.
General Delamination | Leakage / | Corrosion/5 | Visua 150 Sellction of Stakeholder will suffer some discomfort due to a minor problem with
’ g e 3 Low performance.
2 o Delmmimation | Teaiage] | Comtamimat | Vi o cxposure fme 4 Moderate User is uncomfortable due to performance not up to the desired level.
g devices 6 on/ 4 inspection / procedures User is dissatisfied or there is a reduction in performance affecting the overall
= [Class/silicon | Delamination | Fic. 5 Moderate process
Glass devices | Crachs Fic. Quality cost due to warranty and repairs or there is a significant loss in
i Mo st 6 Moderate performance
3 = User is highly dissatisfied due to failure in some important parts of the process.
% [Channel 7 High There is also the likelihood of many defects affecting overall productivity.
!: User is highly dissatisfied due to failure in ALL parts of the process. There is also
= — 8 High the likelihood of many defects affecting overall productivity.
2 [(Blister Process becomes unstable which may create safety issues for the operator and
g [Re Very High exceed standard acceptance criteria.
8 Very High Leakage will create safety issues for the operator or others.
o | mmerhin | Toolowofa | Incomsct | Deformed | Leakagetest | 9 Viual Salcar
8 ow speedin | measurem | ferruleused | / insnection nracedures
E fow el entresilts | /2 Table 3. Rating description causes or mechanisms and probability (P) Table 4. Rating description for detection (D)
Worst case Value | Description | Failure Rate Percent Defective | Criteria
;:csrdge Failure has never been seen in any Value | Description Failure Rates Percent Defective Criteria
. gi‘sff,"e 1 Remote < 1 out of 1.5 x10¢ <0.00007 % relevant testing <1outof 1.5 Failure has never been seen in any
g § Eronment 2 Very Low loutof 1.5x10% 0.0007 % 1 Remote x10¢ <0.00007 % relevant testing
2% Failure only seen once or twice in 2 Very Low loutof 1.5x105 | 0.0007 %
3 Low 1outof 1.5 x 10* 0.007 % relevant scenarios Failure only seen once or twice in
4 Unlikely 1 outof 2 x 102 0.05 % 3 Low loutof 1.5x10% | 0.007 % relevant scenarios
Failure potential has been noted in 4 unlikely loutof2x10? 0.05 %
several relevant scenarios or tests. Failure potential has been noted in
If procedures are followed, the several relevant scenarios or tests. If
5 Moderate 1 out of 400 0.25 % failure potential is minimal. procedures are followed the failure
6 Moderate 1 out of 100 1% 5 Moderate 1 out of 400 0.25 % potential is minimal.
Failure potential has been noted in 6 Moderate 1outof 100 1%
many relevant tests/scenarios. In- Failure potential has been noted in
process control may be required to many relevant tests/scenarios. In-
7 High 1 out of 20 59 avoid failure. process control may be required to
8 Very High 1 outof 8 12.5 % 7 High 1 out of 20 5% avoid failure.
Failure potential has been noted in g Very High 1loutofg 12.5 %
many scenarios/tests. An active Failure potential has been noted in
non-standard feedback control many scenarios/tests. An active non-
van Heeren H, Davies M, Keiser A’ Lagrauw 9 Very High 1loutof3 33 % looF may be req;.lli]red]; - . ] ;tandardf(;edback control loop may
. . Failure potential has been noted in 9 Very Hi 1loutof3 33% e required.
R: ReVeS D Rr Silverio V, Verplaan N (2022) most scenarios/tests. The process s Failu:-le potential has been noted in
Protocols for lea kage test]ng Extremely should be re-evaluated, and/or a most scenarios/tests. The process
. Hich =1 outof 2 redesign should be considered. Extremel should be re-evaluated, and /or
https://d0|.org/10.5281/zenodo.6602162 10 High Y =1outof2 50 % redesign should be consider/ed.
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Leakage testing — detection limits

Detectable leakage rate [Pa.L/s]

B {5855
z 88 e S
— o - o4 - 1 v & ™~ w0 - = L g 2 % ﬁ
S 2 & 2 2 =2 =2 & & = & & = 4 &
Dye test yes yes yes
R --ﬁ - > .
Ultrasonic leak detection no yes no
Bubble test (air / water) es es es
y y y
Bubble test (air / foaming solution) no yes no
Pressure decay method |} yes no yes
¢ : : : i
i Leak tests with tracer gases (NH3, etc.) yes' yes yes
Tracer gas method: helium sniffing test 5 yes! yes yes

! quantification of the leakage rate only conditionally possible in sniffing tests
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Silverio V, Guha S, Keiser A, Natu R, Reyes D R, van Heeren H, Verplanck N, Herbertson L H (2022) Overcoming Technological Barriers in Microfluidics: Leakage Testing.

Frontiers in Bioengineering and Biotechnology, 10: 958582 DOI: 10.3389/fbioe.2022.958582
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Detectable leakage rate [Pa.L/s]
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— = = = o — = = = - - = = (] ]
:_ ________ i H H : E g g 1
| Ultrasonic leak detection : i no i yes i no
Pressure rise method i yes { no | yes
Tracer gases (halogen, NH,, etc.) | : : i wyes | yes yes
Helium leak test { wes | yes I yes
] Residual gas analysis i (with special device) | (yes) | (yes) i (no)

leak detection and leak tightness testing methods under vacuum

Silverio V, Guha S, Keiser A, Natu R, Reyes D R, van Heeren H, Verplanck N, Herbertson L H (2022) Overcoming Technological Barriers in Microfluidics: Leakage Testing.
Frontiers in Bioengineering and Biotechnology, 10: 958582 DOI: 10.3389/fbioe.2022.958582



Leakage testing

How to determine an appropriate
leakage test protocol

Is the media flammable, corrosive
or toxic ? Or does it operate at
p=>T00kPaor T>75°C?

Perform leak testing with gas
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Is it a capillary flow
device ?

Perform leak testing
with intended medium

Perform leak and burst testing incidentally
with intended medium and air

Does potential
leakage pose a risk to the
user ?

Is quality assurance
needed ?

Perform leak and burst testing regularly
with intended medium and air

Are the technology.
medium and indications for use well
nderstood for this type of product ?

Device specific leak testing may not be critical




Ogheard F, Daugojergi:SaRomieu K,
SilverioWV§2023)
> MFMET A1.Z2;5=5Documentead
example of the test protocoljor.

leakageand burst pressure
https://doi.org/10.5281/zenodo.10114802

Daugbjerg T S, Ogheard F, Batista E, van
Heeren H, Silverio V (2023)

MFMET Deliverable 1 -
Guidelines and a test protocol

for flow control evaluating
eakage.andburstypressurein

MICrojididiciaeyices

r [ ) L
[LOI(C U.95Z261/2enoqao. /7901265
J/ 5.1/ 10[6, ’



Leakage testing
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MICROFLUIDIC DEVICE

PRESSURE |’ o
CONTROLLER

https://mfmet.eu/publications

* Deliverable 1 - Guidelines and a test protocol for flow control evaluating leakage and burst pressure in microfluidic devices

* A1.2.3 Documented example of the test protocol for leakage and burst pressure

*  The MFA & MFMET - Protocols for leakage testing

*  Overcoming Technological Barriers in Microfluidics: Leakage Testing. Front. Bioeng. Biotechnol. 10: 958582 DOI: 10.3389/fbioe.2022.958582



Leakage testing
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Thermal mass
flow meter

Pressure
sensor

Chip under
test

PRESSURE
CONTROLLER

Camera for inline reference
flow rate measurement

MICROFLUIDIC DEVICE

‘—0

100x100 um channel
Outlet at atm. pressure

microﬂ'ur‘djc
Fluidic 157 Chlpé’}{p‘
Luer male to threaded Upchurch adapter
Threaded female-female Upchurch elbow

Material: Topas (Topas is a COC — cyclic olefin copolymer — resin)
8 parallel channels of 100 um width, 100 um depth, 18 mm length

75.5 mm by 25.5 mm microscope slide format

Luer fluidic interface



Flush the connected test
setup with circulation

l

Stop circulation and close
the outlet of the device
under test with a plug

-

est protocol for evaluating leakage and
burst pressure in microfluidic devices

Acclimatise all elements

for minimum 24 hours

Connect all elements,

-

»|f necessary, fill the reservoir

l

Power on all elements and

including the device under <
test, and check connections

. /Zero pressure sensors and
Foall

flow sensors

l

Start data acquisition

let them warm up for 30
minutes

MEMET
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l. Visual inspection test

P wnN e

Power ON
30 min stabilization time
Set pressure to increase by steps from 0 to 20 kPa

Record images, pin, Tombs Pamp NUMidity

Pressure (kPa)

Pressures at the device under test inlet

7 ﬁ

]

5 4D
P

4 3

3 S

’ -—

1 _?

60EI]00 65[|)00 YOEI]OO 75[|)00 80[I]00 85[|)00 90[I]00
Time (s)

Leak appearing at the device under test
Inlet during the visual leakage test
Set pressure: 7 kPa



Leakage testing — test protocol

l. Visual inspection test
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1. Power ON
2. 30 min stabilization time 160
3. Set pressure to increase by steps from 0 to 20 kPa 140
4. Recordimages, p;, T.ipr Pamp, humidity

— 120

©

2 100

Il. Pressure decay test =

W 80
1. Power ON a 60
2. 30 min stabilization time 4 10
3. Set pressure to increase by steps from 0 to 140 kPa a
4. Fixthe pressure at a given setpoint by the pressure controller for 3 min 20
5. Record p;,, T, Pamp, humidity

0

Inlet pressure during the pressure decay leakage test

— T

3000

3200 3400 3600 3800 4000 4200 4400 4600

Time (s)
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l. Visual inspection test

1. Power ON Inlet pressure during the pressure decay leakage test
2. 30 min stabilization time 160 1 B e -
3. Set pressure to increase by steps fromOto20kPa _ _ _ — = - - —— = ;I' _______ : :
4. Recordimages, Pins Tambs Pambs humidity Inlet pressure during the pressure decay leakage test ! -------}

150 {

Il. Pressure decay test

145 - /
1. Power ON _ /
2. 30 min stabilization time g /
3. Set pressure to increase by steps from 0 to 140 kPa T._,’ 140 4 /
4. Fix the pressure at a given setpoint by the pressure col 2 Z

. P /
5. Record p;,, T,mps Pamp, humMidity & 435 —— .
4200 4 4400 4600
/
130 T T 1 1 1 1 I
4300 4350 4400 4450 4500 4550 4600 /
Time (s) /
/

Variability and subsequent decay in pressure indicate leakage
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l. Visual inspection test

Power ON

30 min stabilization time
Set pressure to increase by steps from 0 to 20 kPa Inlet pressure and flow rate during the leakage test

1601 600

P wnN e

Record images, pi,, T Pamp, NUMIidity

1400 I e )
500

-
o
=}

Il. Pressure decay test

400

g

Power ON

30 min stabilization time

Set pressure to increase by steps from 0 to 140 kPa

Fix the pressure at a given setpoint by the pressure controller for 3 min
Record Pin Tambi Pamb- humldlty a0
lll. Flow rate measurement test 0 r‘_‘[_’r— - o

3000 3200 3400 3600 3800 4000 4200 4400

— 300

=]
i=1

-}
=]

200

Pressure (kPa)
Flow rate (nl/min)

AW e

Time (s)

Power ON

30 min stabilization time

Set pressure to increase by steps from 0 to 140 kPa
Record m, p;,, Toimps Pamp NUMidity

PwnNPRE



Visual Flow rate MFMET

. . P r e S S u r e Establishing Metrology Standards in Microfluidic Devices
Inspection measurement

tast decay test tast

Easy to Hard to Easy to
interpret interpret interpret

* Liquid-based testing = destructive testing
* |Inappropriate —> contamination, sterilisation, or single-use devices



MEMET

Establishing Metrology Standards in Microfluidic Devices

All instruments calibrated
on their full range, and by
traceability to national
standard at CETIAT
laboratory or by ISO
17025 accredited
laboratories
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GLASS

15 mm

45 mm
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GLASS
__— Control channel

[0 tor [RAIFEL

_—
_—~ Leakage channel(s)

v

—
/
<

\ \ Outlets



Transfer standards for leakage

GLASS
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IMT

Control/Primary/
Inlet/outlet Secondary Leakage channel
channels
Height (um) 100 2
Width (um) 1000 150
Length (mm) 33 5;10; 15
Diameter (um) 800
Side view
1.0 mm TOP
(D 263 bio)
Leakage channel
LOmm chammel o
(D 263 bio)
BOTTOM
inlet outlet



Transfer standards for leakage

MEMET

Establishing Metrology Standards in Microfluidic Devices

"“Chipshep

PLASTIC
Design nr. Inlet/ 1 2 3 a 5 6 . 8
outlet
Height (um) 5 10 20 50 10 20 50 100
Width (um) 5 10 20 50 10 20 50 100
Length (mm) 20 20 20 20 40 40 40 40
Diameter (um) 500

25.5 mm
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EU infrastructure

7 NMI
4 Manufacturers Microfluidics
4 Developers / End Users Association

I/?O ‘ ( 50* Microfluidics Stakeholders
NI

ISO/TC 48/WG 3 — Microfluidic Devices

N
ISO/TC 48/WG 5 - Liquid handling devices — automatiN « EURAMET |
ISO/TC 69/SC 6 — Measurement methods and result EUROPEAN

COMPETITIVENESS EURAMET TC Flow

ISO/TC 229 Nanotechnologies
ISO/TC 276 Biotechnology

‘E t IMEKO TC 7 — Measurement Science

CEN/TC 332/WG 7 - Micro Process Engineering Bureau

CEN/CENELEC Focus Group on Organ on Chip Interpoiiond des
Poids et

} Mesures

CCM Working Group on Fluid Flow
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The knowledge gained from this project
Is being transferred to

1ISO TC 48/WG 3

and applied in the revision and development
of new standards
International

/2B
Iso Organization for
NS/

Standardization




. From MFMET project
~ From surveys

Timeline for working items 1SO/TC 48/WG 3

Year | 1 2 | 3 | 4 ﬁ
TS or IWA: Leakage — detection

and measurement

|

ISO: Requirements for assemblage of a microfluidic system or platform

TS or IWA: Wettability
measurement
ISO: Sensor integration
ISO: Quality control and characterization

Connector reliability, bonding strenght, dead volume, total volume, coating
guality, optical transmission

ISO: Qualification of a microfluidic device

(Accuracy/liability)
flow rate, flow resistivity, dead volume, liquid properties,

wettability
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THANK YOU

Vania Silverio

vania.silverio@tecnico.ulisboa.pt

https://www.linkedin.com/in/vaniasilverio

https://mfmet.eu

This project 20NRM02 MFMET has received funding from the EMPIR programme co-financed by the Participating States and from the
European Union’s Horizon 2020 research and innovation programme
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