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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the

editorial rules of t
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Introduction

Microfluidics technology plays an important role for next generation devices. In the last few decades,
initial R& D investment in academia has led to the generation of a number of spin out companies.
Most of the companies that have flourished are microfluidic foundries or suppliers of microfluidic
components. However, the track record associated with the success of actual application devices
has been disappointing, with only a small handful of products (such as the ink jet printer) reaching

commercia

| success.

The concern surrounding the lack of commercialization with regards to microfluidic devices has been
discussed amongst various interested parties and stakeholders within the Microfluidics Consortium
(MC). MC is an ad hoc group that offers a forum for discussion amongst interested parties and
stakeholders in the microfluidics community. Such discussions led to the identification of several factors

that can pogentially hinder commercial success of microfluidics devices. This includes the high R&D and

manufactu
that in ords¢

Fing costs of devices currently sold into a relatively small market [13}.Ithgds been recognized
r to reduce costs, there is a need to bring manufacturing of microfluidic devices to the same

level of mdturity and industrialization as electronic devices. This meant the need|to mimic some of

the standa
costs but af
initiative t
guideline o
gained thr
consisting

In identify
needs and
responden
the commsd
identified 4

a) terminjplogy of relevance,

b) geome
c) device
These item

the same time increase interoperability, thus promoting plug-and-play. T
hat had begun in the MC led to the development of several internal dog

pugh the MC eventually led to the formation of a.pan-European project
bf 20 project partners.

ng what standards should be proposed, eensideration must be given
trends. This led MFmanufacturing to develop, implement and analyse
s), in order to identify those items that:dre in need of standardization to

s being of highest priority, which are

rical specifications on pit¢ch’dimensions,
classification.

5 are further discussed in the relevant paragraphs below.

rdization initiatives and outputs from the electronic industry h order o not only reduce

e standardization
uments, such as a

h how to design microfluidic devices [14]. The standardization initiative aid knowledge base

MFmanufacturing

o current market
a survey (of 134
Itimately enhance

rcialization of microfluidic devices.tvAttention was given to those itenps that have been
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International Workshop Agreement

IWA 23:2016(E)

Interoperability of microfluidic devices — Guidelines for
pitch spacing dimensions and initial device classification

1 Scope

This International Workshop Agreement is a consensus document developed by the workshop
participants and observers in response to the need for standardization and harmonization of pitch
spacing dimension, initial device classification and terminology of relevance.

This Intern|
parties and

This Intern
— specifi
— specifi

defines

2 Term

For the pur

2.1
classificat
method of

[SOURCE: I

2.2
connector
component

[SOURCE: I

2.3
device
component

ational Workshop Agreement will serve as a guideline and is applicable to
stakeholders in the microfluidics community.

ational Workshop Agreement
bs geometrical standards in relation to pitch connector dimefisions of mic
bs an initial device classification rules, and

terms of relevance.

5 and definitions
poses of this document, the following ternis and definitions apply.
on

orting into categories

50 22935-1:2009, 3.7]

that allows one part of the set to be connected to another

50 3826-4:2015, 3.4]

orassembly of components to perform a required function

various interested

rofluidic devices,

[SOURCE: IS0 10209:2012, 2.30, modified]

2.4
end-users

person or persons who will ultimately be using the system for its intended purpose

[SOURCE: ISO/IEC 19770-5:2015, 3.13]

2.5

integration
process of physically and functionally combining lower-level functional elements (hardware or
software) to obtain a particular functional configuration considered to be of a much higher-level entity

[SOURCE: ISO 10795:2011, 1.117, modified]
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2.6
interconnect

device used to connect two things together

2.7

interested party and stakeholders

person or organization that can affect, be affected by or perceive themselves to be affected by a decision

or activity

[SOURCE: ISO 28007-1:2015, 3.6]

2.8
interoperability

characteristic of providing an intended function in coordination with other components, the

characteristic of s
functionality

[SOURCE: ISO 229

29
microfluidics
handling of fluids
a few millimetres

[SOURCE: ISO 109

2.10
miniaturization
making things on

2.11
pitch
mean distance bet

[SOURCE: ISO 181

212

plug and play
denoting or relat
or connected, wi
configuration

[SOURCE: ISO/IEC

2-1:2006, 3.1.42]

| 5-2:2013, 5.106]

2.13

haring information with other system runctions or components to provide

n technical apparatus having internal dimensions in the range of micron

D1:2009, 2.5, modified]

h smaller or miniature scale

ween corresponding features‘in-a regular array of features on a surface

ng to software or devices that are intended to work perfectly when|
hout reconfiguration or adjustment by the user and thereby enable

[EEE®21451-4:2010, 3.1.31, modified]

b additional

etres up to

first used
automatic

reliability

capability of a device to function without a failure in all specified conditions

[SOURCE: ISO 16972:2010, 3.158]

2.14
verification

confirmation, through the provision of objective evidence, that specified requirements have been

fulfilled

[SOURCE: ISO 14025:2006, 3.9]
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3 Geometrical pitch specifications

3.1 General

One of the main outputs of the survey is to address the need for geometrical specifications associated
with connectors that will ultimately support an increasing trend towards highly integrated complex
devices (that may require connections to electrical or optical elements) and miniaturization [15].
Interestingly, this output from the MFmanufacturing survey coincided with the result of an earlier
finding from a survey conducted by Semiconductor Equipment and Materials International (SEMI). The
SEMI survey (of 85 respondents) also concluded the need for industry to cater for complex and highly
integrated devices. It is important to highlight that although the two surveys have reached the same
conclusion, the SEMI survey focused on Micro- Electro- Mechanical Systems (MEMS)/sensors rather
than microfluidics [16].

In order to pupport the drive towards highly integrated complex microfluidic based‘dgvices, geometrical
specificatigns associated with pitch positions must be considered. Much of the-garly fliscussions within
MFmanufa¢turing started in evaluating what has been done with regards te, this. Figure 1 summarizes
potential ppssibilities in relation to port pitch spacing dimensions.

DimeIsions in millimetres

Top connectors Top andior edge connectgrs

ulti-port Towards
onnectors: miniaturigation
thip to adapter and integration

Multi-port
gonnectors: =

Cl
dhip to tube L

ISingle port
connectors: Luer Mini Luer
chip to tube

| I | I |
9 45 3 225 15 0.75

Port pitch (mm) - log scale

Figure 1 — Port pitch dimension possibilities

Figure 1 clearly shows for the purpose of integration and miniaturization, the trend towards smaller
pitches must be realized. In further defining the geometrical specifications for pitch, several factors
must be taken into consideration to include the need to:

a) adapt to what the majority of microfluidic manufacturers and users are currently using, such as
existing standards already found in laboratory equipment [17];

b) have areliable leakage-free fluidic connections using the currently available multiport connection
technologies.

© IS0 2016 - All rights reserved 3
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3.2 Geometrical specifications on pitch dimensions

The purpose of this Clause is to specify the geometrical connector pitch dimensions for microfluidic
devices.

Designs of microfluidic devices shall be based on a metric multiple pitch concept of n x 1,5 mm, where
n = 1. An example layout for the n x 1,5 mm grid is shown in Figure 2.

Dimensions in millimetres

reference point

X-axis

1

2

3  y-axis
4  distance betwegn the centres of two_ports on the x-axis
5

distance betweg¢n the centres f two ports on the y-axis

Figure 2 — Top view_(oftop or bottom connections) that shows possible port pitch positions
based on the n x 1,5 mm grid, where n is an integer = 1

The following considerations should be taken into account in relation to the use of the n x 1,5 mm grid
concept:

a) only the positions of the ports are prescribed;
b) all prescribed pitch positions in the 1,5 mm grid need not to be used in a design;
c) designation of port pitches shall be independent of the fabrication process and supplier.

If the above criteria are not reached, then the pitch dimensions in the design cannot be considered as
standard.

The standard geometrical specifications need not apply if microfluidic chip is of the same size as normal
microtitre plate and microscope slides.

4 © IS0 2016 - All rights reserved
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4 Device classification

4.1 General

The ability to classify microfluidic devices is important because it allows the interested party and
stakeholders to identify and group devices with similar properties via a standardized system [18]. The
ability to classify will enhance harmonization of research activity and speed up the process of testing
on a global scale, e.g. for standardized verification tests, to ultimately give a certain level of assurance
to the customer [19].

Potentially, microfluidic devices can be classified in several ways. However, in order to propose an
initial device classification system, there is a need to consider common generic entities common to all
microfluidic devices. At the very basic level, all devices have pre-determined operating temperature
ting temperature

ps, mixers, Valves

ill have their own
h the basis of their
eed to understand
what micrqfluidic devices are actually being used in real world applications. Through a combination of
a literaturg research and carrying out the MFmanufacturing survey [20] on standardization issues, the
following Key findings have been highlighted:

llers, tubings, fittings and connectors. These sub—components i tdrn w
temperature and pressure limitations, which quite often are réstricted o
material type. Finally, another aspect to consider with regards to classification is the 1

respective

A 4 °C|-
valves
the 50

50 °C temperature range is commonly used<by“suppliers for off-the-shelf micro pumps,
and liquid flow sensors. There are however, athandful of subcomponents that can go beyond
°C mark, with only a few that can go up to the“100 °C mark.

Mostend-users (i.e.>95 %) are operating theirdevices below 100 °C and 7 bar. Th¢ high temperature
range included a microfluidic device that isbased on polymerase chain reaction| (PCR) technology,
in whi¢h a maximum operating temperature of 100 °C is needed.

The m:

iximum temperature at which'a device can operate is mainly restricted

Tubingg, fittings and connectors dre among the most critical parts, due to leaka

used fa

r these components can vary tremendously. Those that are often used are

y material choice.
e risks. Materials
not recommended

to be used above 100 °C or even 75 °C limit.

Suppligr’s high temperature devices do not operate beyond the 100 °C mark.

Applic
freezin

htions basedwon aqueous samples, do not go below the 0 °C mark generally
g and do11gt'go above the 100 °C mark, as this may cause boiling.

as this may cause

Pressufres of 2 bar and 7 bar maximum are widely used in industry and laborat
Having said this, a few microfluidic devices can operate up to 30 bar.

bry environments.

All the above factors and observations should ideally be taken into account in any attempts to clarify
and define classification boundaries.

4.2 Initial device classification

The purpose of this Clause is to give guidelines on the initial device classification scheme for microfluidic
devices.

An initial device classification scheme based on operating temperature and pressure limits should be
considered, as shown in Table 1.

© ISO 2016 - All rights reserved
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Table 1 — Initial classification scheme for microfluidic devices; PT denotes pressure and

temperature, respectively

Class type Maximum Maximum Minimum
pressure temperature temperature
(bar) (°C) (°C)
PT 2/50 2 50 4
PT 2/75 2 75 4
PT 2/100 2 100 4
PT 7/50 7 50 4
PT 7/100 7 100 4
PT 30/50 30 50 4

The classification
of microfluidic dev

5 Potential fy

A number of pa

standardization, iftegration, and miniaturization. This work has been pioneered by the Micr

Mechanical Systen

— Some possibl
semiconducto

— Some possibly
be found in SE

bystem in Table 1 can be refined or developed further to take into accotiat
rices. It can also be used to further develop sub-classification systems:
ture work

rticipants in the IWA expressed an interest in céntinued technice

1s (MEMS) Committee of SEMI.

y relevant guidance and specification towatds integration of microf
's can be found in SEMI MEMS SEMI MS6-0308 [21], and SEMI MS7-0708 |

relevant specifications for permanent ¢onnections between microfluidic
MI MS9-0611 [23].

bther types

1 work of
D-electrical

uidics and
22],

devices can
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Annex A
(informative)

Workshop resolutions

Resolution 1

The International Workshop on Microfluidics recognizes that standardization has been an essential
component for industry growth, which subsequently resulted in several benefits. As in the electronic

industry, it

promotes infprnpprnhilitv plng and plny and the harmonization of

Because of]
standardiz

Resolutiorn

The Intern
subsequen{
Workshop

Resolutiorn

The Intern
take into c
currently y
Screening

Resolutiorn
The Intern
a) forall

b) for the
nisan

The Intern
and that:

a) onlyth

htion items in order to enhance the commercialization of microfluidic.dev

ational Workshop on Microfluidics recognizes the importance of minij

that, the International Workshop on Microfluidics recommends the ider]

2

ly cater for high level complex integrations in devices.«Because of that
bn Microfluidics recommends the need to standardize pitch connector din

3

htional Workshop on Microfluidics recognizes:that specifications of pitch
nsideration, whenever possible, what the miajority of microfluidic manuf
sing, such as pitch requirements for (miti¥)Leurs connectors and Societ}
SBS) microwell plates.

4
ntional Workshop on Microfluidics recommends the acceptability:
lesigns to adhere to cergain dimensions for pitches,

allowable pitch positions to be based on a metric multiple pitch concept of
integer > 1.

htional Workshop on Microfluidics recognizes that the specification is

e positions of the ports are prescribed,

b) notall

research activity.
tification of those
ices.

turization and to
the International
hensions.

Himensions should
hcturers/users are
y for Biomolecular

n x 1,5 mm where

not too restrictive

pf.the positions in the 1,5 mm grid need to be used in a design,

)

d)
micros

cope slides.

Resolution 5

The International Workshop on Microfluidics recognizes:

devices with similar properties via a standardized system,

designation of port positions is to be independent of the fabrication process and supplier,

an exception is justified if the microfluidic chip is of the same size as the normal microtitre plate or

the need to have a classification system that will allow for the identification and grouping of similar

that such a classification system will promote the development of standard test methods, for the

purpose of device qualification. Such standard protocols can help speed up device testing, such as

a)
b)

for reli
© ISO 2016 -

ability assessment.
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Because of that, the International Workshop on Microfluidics recommends:
a) the acceptability of an initial device classification scheme,

b) that the initial classification scheme is based on grouping that takes into account basic operating
conditions such as temperature and pressure range,

c) that future research be conducted to develop test methods that adequately address the need for
reliability testing of microfluidic devices.

Resolution 6

The International Workshop on Microfluidics recognizes that the initial device classification may not
fully reflect all of the microfluidic devices as seen in the field, as there are hundreds of microfluidic
devices and classification may be Hnnnnr’]nnf on other factors (cnrh as camn]n and ana ysis type)
Because of that, the Internatlonal Workshop on Microfluidics recommends the further dévglopment of
the initial classifidation system, to take into account other types of microfluidic devices:

Resolution 7

The International Workshop on Microfluidics recognizes the importancé \of terminolpgy, which
will enable interg¢sted parties and stakeholders (such as researchers, ‘lmanufacturers, [regulators,
consumers) in the[community to communicate clearly and avoid misunderstandings. The International
Workshop Agreement on Microfluidics recommends the adoption ©r refinement of exigting terms
already published|in standard documents and those commonly usedhin literature, whenever|possible.

8 © IS0 2016 - All rights reserved
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Austria

Annex B
(informative)

Workshop contributors

Mr. Harald Denz, DENZ BIO-Medical GmbH

Australia

France

Germany

The Nethe

IWA 23:2016(E)

Dr. Mid

Dr. Nic
Dr. Lau

ah Atkin, MiniFAB (Aust) Pty Ltd

plas Verplanck, Leti, technology research institute

rent Tanguy, PMB-Alcen

Dr. Thipault Parmentier, Viseo

Mr. Wi

Dr.-Ingj

liam César, Fluigent

Erik Beckert, Fraunhofer IOF, Micro Assembly and System Integration Gr

Dr. Holger Becker, microfluidic ChipShop\GimbH

Mr. Leq
Dr. Thd

Mr. He
Mr. Jan|
Dr. Ma
Mr. Ste

pold Georgi, Technische Universitat Berlin (Berlin University of Technolo
mas R. Dietrich, IVAM Mierotechnology Network

rlands

ine van Heeren;enablingMNT Netherlands

-Eite Bullenta; TNO

'ko Bloom, Micronit

fafiDekker, University of Twente

bup

by)

Dr. Wim Van Hoeve, Tide Microfluidics B.V.

United Kingdom

Dr. Ratna Tantra, National Physical Laboratory

Mr. Tim Atkins, Blacktrace Holdings Ltd

United States

Dr. Darwin Reyes-Hernandez, NIST

Dr. Don Wesley Arnold, SCIEX/Danaher

Dr. Mark Tondra, Diagnostic Biosensors
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Switzerland

— Dr. Alexios Paul Tzannis, IMT Masken und Teilungen AG

— Dr. Fiona Pereira, CSEM Centre Suisse d’Electronique et de Microtechnique SA
Workshop officials

Secretary: Dr. Renata Korfer (DIN)

Chair: Mr. Henne van Heeren (enablingMNT Netherlands, The Netherlands)

Technical Editor: Dr. Ratna Tantra (National Physical Laboratory, UK)
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