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a b s t r a c t
Since the Lab on a Chip concept was introduced in the 1990s, a lot of scientiﬁc advancements have
occurred. However, large scale commercial realization of microﬂuidic technology is being prevented by
the lack of standardization. There seems to be a gap between Lab on a Chip systems developed in the lab
and those that are manufacturable on a large scale in a fab. In this paper, we propose a modular platform
which makes use of standardized parts. Using this platform, a functional-based method of designing
microﬂuidic systems is envisioned. To obtain a certain microﬂuidic function, a bottom-up design is made.
This results in micro ﬂuidic building blocks that perform a microﬂuidic function. This microﬂuidic building
block is then stored in a library, ready for reuse in the future. Key characteristics are shown for several basic
microﬂuidic building blocks, developed according to a footprint and interconnect standard by various
players in the microﬂuidic world. Such a library of reusable and interoperable microﬂuidic building
blocks is important to ﬁll the gap between lab and fab, as it reduces the time-to-market by lowering
prototype time cycles. The wide support of key European players active in microﬂuidics, which is shown
by an ISO workshop agreement (IWA 23:2016), makes this approach more likely to succeed compared
to earlier attempts in modular microﬂuidics.
© 2018 Elsevier B.V. All rights reserved.

1. Introduction
The concept of Lab on a Chip (LOC) and micro total analysis (TAS) systems was introduced in 1990 by Manz et al., one
of the pioneers in the ﬁeld [1]. Seventeen years later, the ﬁeld
has already showed major advancement by demonstrating many
promising concepts for the various components such as sample
prep, separation and detection that are combined into a TAS. Yet
in 2006 Whitesides argued that the ﬁeld had not yet fully reached its
potential, discussing the typical struggles faced by new technologies including the ease of use for non-experts, and the transfer of
technology from academy to industry [2]. Today, microﬂuidic technology still has not fully become mainstream technology. It appears
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that there are still many hurdles to overcome when migrating an
idea from academics into a product ready for the market [3].
To bridge the gap between academic research efforts and the
utilization of microﬂuidic technologies to address real world problems, standardization is essential [4]. Often, monolithic, by which
I mean out of one part, Lab on Chips are developed, integrating
several functions onto a single device. This approach often leads
to the repeated development of already existing concepts, resulting in long development times. The need for high investments
makes it exclusively economic for large volumes. Instead, a modular approach could signiﬁcantly speed up development and prevent
the waste of development resources by not “reinventing the wheel”.
Less development effort is needed in modular systems as standardized parts of the system can be reused. The electronics industry
can be taken as a good example of where such standardization
works well. In that industry, standards exist for almost every aspect
from package dimensions, to standard classes for printed circuit
board manufacturing, to solder joints. The development of stan-
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dards moved the electronics industry from the early “spider web
assembly” in the 1950s to the complex system-on-a-chip technology of today.
To show that standardization doesn’t exists, at least up to the
level of interoperability, in the state of the art modular microﬂuidics, a list is made in Table 1. Several papers and industrial efforts
to produce modular microﬂuidic systems are shown. It can be seen
that although the systems are modular, they are deﬁnitely not standardized and thereby preventing interoperability between various
modular systems. The table shows elements needed to obtain a
functional system, from interconnects to functional blocks. In our
approach standardized footprints and standardized interconnect
grids are used, we see a future with interoperable modular blocks to
build microﬂuidic systems. Looking towards the future and bigger
production volumes, several examples are included where modularity is used during the design phase; linking functions together,
but still producing a monolithic device.
One of the earliest modular concepts was developed by Lammerink et al., introducing the concept of a Mixed Circuit Board
(MCB) [5]. The board consisted of a printed circuit board and a polycarbonate substrate, respectively responsible for the electrical and
ﬂuidic interconnects between actuator and sensor modules. Others
focused more on the interconnect itself Gonzalez et al. [6] described
a self-aligning reversible interconnect. Grey et al. [7] used a different approach using plastic press ﬁt couplers to connect tubing to
a silicon system. A system similar to the mixed circuit board, but
using anodic bonding instead of adhesives, to mount the functional
parts on the interconnect parts was developed by Schabmuller et al.
[8]
Initial efforts to produce a modular microﬂuidic system often
used silicon or glass, well known from MEMS technology. However,
a disadvantage of these materials is that they are only economically
feasible if large numbers are produced. For the functional modules
this is not a problem, as these can be manufactured in high numbers.
However, the interconnect solution is often application-speciﬁc
and thus tends to be produced in lower numbers.
Wego et al. [9] looked at printed circuit board technology to
fabricate integrated microsystems. Printed circuit board technology has less accurate dimensional tolerances then conventional
fabrication methods used in the microﬂuidic ﬁeld. However it is
cheaper, especially when producing low number volumes. By the
introduction of polymer layers in the stack, they were able to perform microﬂuidic functions.
Other materials were also investigated for use in modular systems. Microﬂuidic assembly blocks, (MABs) made from PDMS were
introduced by Rhee et al. [10]. They are mounted side by side and
sealed by an adhesive.
Lego© was an inspiration for Vittayarukskul et al. [15] who produced a fully reversible microﬂuidic system based on PDMS Lego
blocks. The elasticity of PDMS was used to provide a seal between
the blocks. Another plug-and-play system was developed by Yuen
[12]. Stereo lithography 3D printing was used to fabricate the blocks
for this system, which were interconnected using mini-Luer connections. Miserendino[23] showed a system used a clamping to
seal, with patternable silicone micro gaskets between the baseplate
and functional blocks.
Strohmeier et al. [11] used a different approach when they
deﬁned a functional unit cell. With these functional unit cells they
designed centrifugal microﬂuidics devices. Using modularity in the
design phase while still producing a monolithic device. Millet et al.
[17] achieved something similar, but then for PDMS devices. On
the pouring mold they added Acrylonitrile butadiene styrene (ABS)
strings between the various components to create integrated tubing in the casting.
The microﬂuidic industry itself has also looked for solutions to
interconnect microﬂuidic systems. One example of such a solution
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is the MATAS platform [20,24]. This platform is based on PCB technology with the addition of an extra layer for the ﬂuidics. Blocks
implementing microﬂuidic functions are placed inside milled cavities in the PCB and are connected to the ﬂuidic layer by using
O-rings. The blocks are ﬁxed in place by solder. Another platform was developed by Epigem [21] that is similar to the MATAS
platform, but instead of PCB technology it is fully based on thermoplastics. Labsmith opted for a slightly different system in which the
modules are mounted on a board and for interconnections tubing
is used.
From the above it is clear a large variety of modular platforms
exists, both in terms of the level of integration in a single module and the place where the modularity is implemented. Hereby,
making reuse of the modules of several platforms difﬁcult.
In the future we foresee modularity in both; physical blocks
in the end product and already during the design process. At one
end of the spectrum is the unit cell operation approach during the
design phase used by Strohmeier et al. [11] and the plug-and-play
systems of Yuen et al. [12–14] at the other. However, it would be
beneﬁcial if these approaches could be used in conjunction with
each other; for example if the auxiliary components of the system are in a plug-and-play fashion while the main chip can be
designed using functional units. In this paper we focus on the plugand-play system for auxiliary components. To reach this, some
degree of standardization is needed. Unfortunately, development of
these modular platforms until now is done mostly independently
by small groups of interested parties. The modular platform proposed in this paper strongly argues for standardization. A large
multinational consortium is backing and co-developing this standard [25]. The focus lies on the ability to interconnect parts from
various suppliers together. With this we hope to attain a ﬂourishing ecosystem in which microﬂuidic parts produced using various
techniques (polymer, glass, and silicon) are both available and
interconnectable. To help the end user, a library of standardized
parts and functionality is also developed, supported by software
managing the complete pipeline from design to the production of a
microﬂuidic system [26]. If we draw another analogy from the electronics industry, this library could be regarded as the catalog of big
component suppliers such as Newark and Farnell. Using schematics and routing software, these components together are designed
to function as complex electronics devices.
Following our approach, we make use of a combination of
microﬂuidic building blocks (MFBB) and ﬂuidic circuit boards
(FCBs). In this approach, the MFBB contains the ﬂuidic functionality and the FCB connects all the building block together in a
microﬂuidic system. Both the MFBBs and FCBs are designed and fabricated by industrial and academic partners according to guidelines,
documented in a ISO workshop agreement [27–29]. This standardized approach makes it possible to reuse modules and have them
interoperable between several partners. Moreover, it allows for
a top-down design approach saving valuable development time.
Having industrial partners inside the project gives the prospect of
having commercial of the-shelf-parts available in the future.

2. Standardization and design concepts
2.1. Deﬁne speciﬁcation from requirements
When designing a microﬂuidic system it is, of course, important
to know what the requirements for the individual system are. Moving forward, decisions are made with regard to the speciﬁcations
of the microﬂuidic system. From this point, a start is made with
the physical realization of the system. In the microﬂuidic world, a
bottom up approach is often used where the fabrication technology
plays a large role in the design considerations. An important advan-
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Table 1
overview of modularity in microﬂuidics.
Main material

Total system

Typical application ﬁeld

Modular in Physical
part/design

Reversible

Functional blocks
connected by a base board.

Si/Glass

Yes

Chemistry

Modularity in physical sense

Gonzalez et al. [6]

Interconnects for assembly
of a modular system

Si/Glass

No, only focused on
interconnect

Broad application

Modularity in physical sense

Gray et al. [7]

Interconnects for assembly
of a modular
system
Functional blocks
connected by a base board.
Functional blocks made in
PCB technology
Functional block connected
directly to each other
Unit operations connected
together in a monolithic
centrifugal device
System build entirely out
of blocks

SI/Glass device
Plastic Coupler

No, only focused on world
to chip interconnects

Broad application

Modularity in physical sense

No, modules are
permanently ﬁxed to the
base board
Yes, Silicone O-ring are
used so the connection is
reversible.
Yes, but a new coupler
might be required

Si/Glass

Yes

Chemistry

Modularity in physical sense

Copper plated FR-4

Broad application

Modularity in physical sense

PDMS

No, a few component are
shown in PCB technology
Yes

Biological, PCR and cell culturing

Modularity in physical sense

Mainly polymer

Yes

Broad application

Modularity in design

Polymer with 3d printing as
structuring method

Yes

Simple systems

Modularity in physical sense

Academics
Lammerink et al. [5]

Schabmuller et al. [8]
Wego [9]
Rhee [10]
Strohmeier et al. [11]

Yuen [12–14]

Vittayarukskul et al. [15]

System build entirely out
of blocks

PDMS

Yes

Simple systems

Modularity in physical sense

Shaikh et al. [16]

Interconnects are made on
a base plate containing
multiple functionalities.
Functional units are
connected by 3d tubes
System build entirely out
of blocks
Different organ chambers,
interconnectable with
connectors

PDMS
Silicon

Yes

Biochemical analysis

Modularity in design

PDMS

Yes

Biochemical analysis

Modularity in design

Polymer with 3d printing as
structuring method
PDMS

Yes

Droplet based applications

Modularity in physical sense

Yes

Organ-on- a-chip

Modularity in physical sense

Millet et al. [17]
Bhargava et al. [18]
Loskill et al. [19]

Industry
Lionix [20]

Functional blocks are
mounted in a PCB/base
board

FR-4
Si/Glass

Yes

Chemistry

Modularity in physical sense

Epigem [21]

Functional blocks
connected by a base board

Polymer based

Yes

Broad application

Modularity in physical sense

Labsmith [22]

Functional blocks mounted
on a base board, connected
by tubing

Several

Yes

Broad application

Modularity in physical sense

No, modules are anodically
bonded to the base plate.
Yes, tubing is used for
interconnection.
No, Adhesive is used to
interconnect the blocks
No, a monolithic device is
fabricated
Yes, a mini Luer or magnet
is used to connect the
blocks.
Yes, compression of PDMS
is used to make a ﬂuidic
seal.
Not easy, as the PDMS is
bonded to the Silicon.
No, a monolithic PDMS
device is casted.
Yes, an elastic reversible
seal is used
Yes, connections made
with the connector blocks
are reversible
Yes, modules are
mechanically ﬁxed by
soldering and sealing is
done with O-rings.
Yes, modules are
mechanically held down. A
PTFE ferrule provides the
seal
Yes, Tubing connectors are
reversible
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Fig. 1. Standardized dimensions: a. MFBB outline dimensions, b. Grid starting position, c. Grid pitch and d. Port annotation and preferred (bold) port positions., e. cross
section of ﬁgure d in a typical usage scenario, where the MFBB is clamped to the FCB and the seal between them is facilitated by an O-ring.

tage of using a modular platform is that the functional design and
physical design can be decoupled. Again, using the analogy with the
electronics industry, this would translate to the functional design
described by a schematic, while the physical design is the layout
of all the transistors inside an integrated circuit. Accordingly, a
top down design scheme can be used for the development of the
microﬂuidic system.
2.2. Functional vs. physical design
This decoupling of the functional design and physical design
makes it possible to work with standardized functional blocks,
which only need to be designed and created once. These standardized functional blocks give a microﬂuidic designer the opportunity
to focus merely on the function of a microﬂuidic system. For this
system of standardized microﬂuidic blocks, most of the common
functions should be available to the designer in a standard form.
The designer should also have the opportunity to design new blocks
that have a speciﬁc functionality, but which still conforms to the
standard. A designer can be assisted by making use of a CAD system. A library containing the functional building blocks helps the
designer to quickly create a new microﬂuidic system and prevents
the reinvention of the wheel often seen in microﬂuidics.
2.3. Flexibility
The ﬂexibility in this system is the freedom to choose how to
interconnect the building blocks together. This ﬂexibility ﬁnds its
implementation in the FCB. This means that each system has its
own custom implementation of a FCB. Nevertheless, the interface
between the FCB and the MFBB remains standardized. This provides
practical advantages such as the second sourcing of parts from various suppliers and the ability to interchange building blocks that
have slightly varying functionality. Most of the interfacing hardware is situated in the FCB, so the interfacing can be made to ﬁt the
requirements that are speciﬁc to a particular application.
3. Standardization in physical dimensions
To make this building block and FCB combination work, interoperability between the various components is needed. Therefore,

there is a need to standardize the outside dimensions. This makes
it possible to use a standardized system to connect the building
blocks to the FCB. To align the ports, a standard grid is used as
shown in Fig. 1. Inlet and outlets are placed on this grid. Furthermore, the standard dictates that the sealing between the FCB and
MFBB is realized in the FCB, which seals to the ﬂat bottom of the
MFBB. How this seal is realized is up to the manufacturer of the
FCB, providing a possibility for industrial partners to distinguish
themselves. An example with O-rings is shown in Fig. 1E.
Within the standard framework, there are several options (see
[28] for full list) for the outside dimensions of the MFBB: for smaller
chips 15 × 15 mm or a multiple of 15 mm such as 15 × 30 mm. For
larger chips, the standard includes outer dimensions of 75 × 25 mm,
75 × 50 mm and 84 × 54 mm. These large sizes are similar to the
already common formats such as the microscopy slide, or the credit
card in the microﬂuidic world.
The pitch, as can be seen in Fig. 1, is also chosen to be compatible
with already currently used formats (e.g. microtiter plate) in the
microﬂuidic world, while still trying to obtain a small pitch so that
high interconnect applications are possible.
Besides ﬂuidic interconnects, a microﬂuidic system sometimes
needs an interconnect which is different than a ﬂuidic one. Electrical and optical interconnects are typical examples. In the electronic
ﬁeld, there are already plenty of standards and products available
as it is a much more mature market. The guidelines also recommend using these standard products for example connectors and
spring loaded probes, but to group the interconnects in a speciﬁc
area on the MFBB.
4. Methods
The above paragraphs describe a new way of designing microﬂuidics and the corresponding necessary standardization, which the
MFManufacturing consortium [25] is attempting to realize. In this
paper, the focus is on various parts needed to design according to
this new method, with a focus on the typical auxiliary parts used
in a microﬂuidic system: inlet reservoir, pump, ﬂow and pressure
measurement and interfacing. Our approach will also to stay true
to the Lab on a Chip concept, rather than the Chip in a Lab which
is currently often seen. To be able to design with this functionality
driven approach a small part of a library of basic building blocks is
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proposed in Table 2. For six of the MFBBs, a more detailed description, including fabrication details and device characterization tests,
are given in the following paragraphs.
4.1. Differential pressure sensor MFBB
The pressure sensor building block (as shown in Table 2A)
is a package to connect to a Honeywell differential pressure
(24PCAFA6D). This package makes it possible to ﬁt this sensor to a
FCB using a standardized interface. Together with a hydraulic resistor in the FCB (e.g. a simple channel), this building block can also
serve as a ﬂow sensor by measuring a differential pressure drop
across this channel.
The material of choice for these building blocks is a COC (Topas
grade 6013, Axxicon, The Netherlands). This material is chosen
because of its chemical resistance to a wide range of chemicals and
the opportunity to scale up production applying methods such as
hot embossing or even roll-to-roll hot embossing. This provides
the ability to suit applications that will be subject to high chemical
constraints and higher production volumes in the future, while for
quick prototyping micro-milling was used. To bond the four layers
together, solvent assisted thermal bonding was used [30]. A PCB
was mounted on top of the MFBB to provide electrical interconnection to the MFBB using a ﬂat ﬂex cable.
4.2. Clamping MFBB
To connect the building blocks for the FCB, several clamping
connectors are developed. These clamps are screwed onto the FCB
to ﬁx the MFBB and ensure port alignment and compression of
the O-rings to achieve an effective seal. Clamps A (Table 2E) and
B (Table 2F) are used if ﬂuidic connections are made between FCB
and MFBB. Clamp C (Table 2G) is used if a direct ﬂuidic connection
to the MFBB or FCB via tubing is required. All clamps are fabricated
by direct milling. The tubing used in combination with clamp C is
connected using ferrules to form a tight ﬁt to the MFBB or FCB.
4.3. Valve MFBB
CEA-LETI developed a pneumatic valve (see Table 2B), consisting of an assembly of COC layers, including an EPDM diaphragm
[31]. This valve is pneumatically actuated. The design is adapted to
the end-user application (ﬂowrate, dead volumes, and diaphragm
material). Depending on the design, the ﬂowrate can reach
50 mL/min, and the pneumatic pressure to close the valve is engineered to be between 100 kPa and 500 kPa. The footprint (layout,
I/O position) is identical for all the valves.
4.4. Pump MFBB
The pump MFBB is based on the previously patented [32] oscillating rotary piston pump principle (see Table 2D). This pump is
manufactured using thermoplastic injection molding using polymers and elastomers that can be adapted to the application.
4.5. Reservoir MFBB
The reservoir MFBB (see Table 2C) is fabricated by milling a block
of PMMA as a top holder for 1.5 mL HPLC sample vials. This top block
also contains holes for three needles; two of these needles puncture
the septum of the vial to be able to apply pressure inside the vial
and collect the resulting ﬂow of liquid. The third hole is used for a
blunt needle that ﬁts onto tubing and connects the external pressure pump to the MFBB. A layer containing microﬂuidic channels is

Fig. 2. FCB with integrated valves.

solvent-bonded to this top block to route the ﬂuids or gases from
these needles to the desired positions, as deﬁned by the standard.
4.6. Reaction chamber MFBB
The reaction chamber is a custom 30 × 15 MFBB (see Table 2H).
The volume of the chamber, the ﬁlters and the embedded reagents
(powders, beads. . .) are adapted to the application. Some designs
integrate pneumatic valves (see Table 2B). In the example, two
20 m stainless steel ﬁlters are embedded in the chamber and
50 m beads are packed between the two ﬁlters. The MFBB is composed of two COC layers (or three depending on the designs).
5. Fluidic circuit board
The FCB is always a custom part that ﬁts a speciﬁc application
and interconnects the building blocks in a speciﬁc way. Three different types of FCB are discussed with different levels of complexity.
5.1. Simple polymer-based FCB
This FCB was developed to test the pressure sensor MFBB, to
evaluate how it functions as a ﬂow sensor. This FCB is fabricated
in a similar way to the MFBB and consists of two layers of Zeonor
1020R which contains are milled cavities and channels. An assembled version of this FCB is shown in Fig. 3. The channels milled into
the ﬁrst layer are closed off by the second layer by means of solvent
bonding. The cavities milled in the top side of the second layer are
open to accept the building blocks and to ensure accurate alignment between the channels in the FCB and those in the building
block. The interconnect between the FCB and the building block is
formed by standard Viton O-rings. There are cavities in the FCB to
hold the O-rings in place.
5.2. Complex polymer-based FCB
This FCB shown in Fig. 2 incorporates integrated membrane
valves for customized ﬂow control to the MFBBs. These membrane
valves can be pneumatically actuated to direct ﬂow both from and
to MFBBs attached to the FCB. This allows, for instance, the directing of ﬂuids to a mixer chamber and hold these liquids inside the
chamber during the mixing process before directing the ﬂuids further. This FCB is fabricated in a similar fashion to that described for
the simple FCB also using milling and thermal compression solvent
bonding. What makes this FCB complex is that it consist of six layers including a membrane layer. Each layer consists of 1.5 mm clear

Table 2
Overview of building blocks with their characteristics
Description

Most relevant characteristics

A. Differential pressure sensor

A building block to measure pressure. Due to the
differential nature of the measurement, a ﬂow
measurement is also possible, by measuring pressure drop
over a length of channel

Flow characterization (R2 = 0.98928), Error bars indicate the
hysteresis over the 1 repetition of the reference pattern.

B. Pneumatic valve 15 × 15mm

A valve building block to conditionally route liquids in a
microﬂuidic system. Controlled by pneumatic actuation.

Pressure needed to close MFBB valve. Line for visual guidance.

C. 1.5 mL Fluid reservoir

A 1.5 mL ﬂuid reservoir which can be used to actively push
liquid trough a microﬂuidic system by applying a regulated
pressure above the liquid.

Internal Volume of 1.5mL

D. High volume pump

A pump capable of obtaining high ﬂow rates even when a
large backpressure exists.

Pumping performance at constant actuation, with respect to
changing backpressure.
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Table 2 (Continued)
Description

Most relevant characteristics

E. 15 × 15 mm clamp MFBB

A clamp to mount a MFBB with 15 × 15 mm outer
dimensions to the ﬂuidic circuit board. Also compresses
the O-ring between the FCB and the MFBB to facilitate
sealing.
This clamp is suited to mount devices shown in Table 2A–C
to a ﬂuidic circuit board.

Topline for increasing pressure, bottom line for decreasing
pressure. Line for visual guidance.

F. 15 × 30 mm clamp MFBB

A clamp to mount a MFBB with 15 × 30 mm outer
dimensions to the ﬂuidic circuit board. Also compresses
the O-ring between the FCB and the MFBB to facilitate
sealing.
This clamp is suited to mount the device shown in
Table 2H.

Similar characteristics to 15 × 15 mm clamp

G. Fluidic seal 30 × 15 mm
clamp MFBB

A building block used to connect 10 individual tubes to a
FCB at once. Elastomeric ferules are used to simultaneously
facilitate sealing between the FCB and the tubes.

Similar characteristics to 15 × 15 mm clamp

H. Custom reaction chamber
30 × 15 mm MFBB

Custom reaction chamber adapted to the application.

Highly application dependent
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polystyrene plates and a SEBS (styrene ethylene butylene ethylene)
membrane layer. This SEBS membrane was precisely cut by a CO2
laser.

the system is in a steady state condition. This operation is repeated
for three ﬂuid inlet pressures (25 kPa, 50 kPa and 100 kPa).

5.3. Glass-based FCB

6.4. Pump MFBB

In some cases, polymers cannot be used due to their material
properties. For one of these cases, a glass FCB is developed. This
FCB consists of two borosilicate glass layers. Both glass layers have
wet etched channels using two depths of 75 and 200 m. After
bonding of these two layers, the ﬁnal channels will be approximately 150 m and 400 m in diameter. The top layer has powder
blasted through-holes for top down access, where as in a second
design included in the same batch, another FCB allows for direct
capillary gluing inside the deep channels from the side. On the top
surface of the FCB, platinum electrodes are sputtered to a thickness
of 125 nm, using a tantalum seed layer of 15 nm to improve adhesion. These platinum electrodes are used to create a routing for the
electrical actuation of the MFBB valves used in combination with
this FCB design. The connection between these MFBBs and the FCB
are made using wire bonds. This FCB thereby demonstrates both
ﬂuidic and electrical functionality by providing interconnects for
both domains.

The pump MFBB is characterized using a measurement of
the displacement volume in various backpressure conditions. The
backpressure pressure is controlled using a closed container, the
pump is actuated at a speed of 30 rpm for a given number of cycles.
The obtained ﬂuid volume allows the measurement of the pump
displacement. The test is repeated for several downstream pressures. The obtained displacement with a backpressure of 0 kPa is
normalized to 100%. The efﬁciency of the pump is calculated based
on the ability to sustain this displacement at higher backpressures.

6. Test methods
6.1. Differential pressure sensor
The pressure sensor building blocks are characterized both as
a pressure sensor and as a ﬂow sensor. For both the pressure and
ﬂow characterization, a known pressure or ﬂow is applied to the
system by a pressure driven pump (Fluigent MFCS-4C, France). A
ﬂow sensor (Fluigent type L, France) was used in a control loop to
obtain a reliable ﬂowrate. While applying various ﬂowrates to the
system, the output signal of the building block is recorded with a
custom-made Labview 2014 application and MyDAQ data acquisition system (National Instruments, The Netherlands). Both the
pressure and ﬂow are applied in a staircase pattern which was
cycled four times. The pressure/ﬂow of each step in the staircase
pattern is kept constant at a plateau value for 30 s. Fig. 3 shows the
complete test system, which is based on the simple polymer FCB,
and includes the ﬂow sensor MFBB. It consists of four standardized
building blocks connected serially, starting with an inlet block, followed by the differential pressure sensor, a blocking plate to allow
for future extensions, and an outlet block.
6.2. Valves integrated in the complex polymer PCB
The valves integrated in the complex polymer-based FCB are
tested using a pressure pump (Fluigent MFCS-EZ) ﬁtted with an inline ﬂow sensor (Fluigent type L). The pressure to the valve control
channel is varied from 0 to max. 200 kPa, while the resulting ﬂow
is recorded. This is repeated for three different pressures (40, 60,
80 kPa) applied to the reservoir holding the liquid ﬂowing through
the valve.
6.3. Valve MFBB
A valve MFBB is characterized using a custom Fluigent test platform including a two-channel pressure regulator and an in-line
ﬂow sensor (Fluigent type XL). The system is run through a dedicated LabVIEW (National Instrument) interface using the Fluigent
SDK that provides a fully automated operation and data analysis.
The pressure needed to actuate the valve is varied from 0 to 100 kPa
in 5 kPa steps. For each step, the ﬂow rate is recorded during a
period of 1 s (10 points every 100 ms) after waiting for 3 s to ensure

6.5. Clamping MFBB
The same system as that shown in Fig. 3 is used for leak testing.
The clamping MFBB was attached to the FCB using four bolts for
each MFBB. A Viton O-ring, placed in a recess in the FCB, provides
the seal between the MFBBs and the FCB. Only an inlet block was
used, while the other ports on the FCB were capped by a blocking
plate. To test for leaks, the system was ﬁlled with DI water before
positioning the ﬁnal blocking plate. The pressure at the inlet was
applied by a pressure-driven pump (Fluigent MFCS-4C, France) in a
range from 0 kPa to 600 kPa. A ﬂow sensor (Fluigent type L, France)
was placed in line to check if the ﬂow remained at zero. The pressure
was applied in a staircase pattern both upwards and downwards.
The system was allowed to come to equilibrium before taking a
ﬂow measurement.

7. Results and discussion
7.1. Characterization
7.1.1. Differential pressure sensor MFBB
Repackaging this commercial pressure sensor, to comply to the
new standard, does not negatively impact its excellent performance. The pressure response still behaves highly linear. With the
MFBB connected to the system shown in Fig. 3, its performance
as a ﬂow sensor was also evaluated. The ﬁgure in Table 2A shows
the sensor output voltage for varying ﬂow rates. The output of the
ﬂow sensor is very linear (R2 = 0.98928). However, a small deviation from perfect linear behavior can be observed. This is probably
caused by the fact that the reference ﬂow sensor (Fluigent type L)
was operating at low ﬂow rates, outside of its optimum operating
range. This suspicion is conﬁrmed by checking the measured ﬂow
by the MFBB as a function of the applied pressure by the pump, we
again see a highly linear trend.

7.1.2. High volume pump MFBB
The MFBB pump is able to displace 300 L per cycle, achieving
ﬂow rates up to 90 mL/min. Another key feature is its self-priming,
valve less, blocking nature: making the pump suited to particle
loaded liquids. More importantly, no ﬂuid ﬂow through the pump
is possible when the pump is not driven. This is an advantage when
either high or low pressure must be maintained at the ports of the
pump before or after pumping phases. The ﬁgure in Table 2D shows
a sustained displacement for various backpressures. The diaphragm
pump is not able to sustain a constant displacement for the various
backpressures. Moreover, the pump MFBB is also reversible as it
behaves in exactly the same way when the actuation direction is
reversed; the inlet becoming the outlet and vice versa.
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Fig. 3. Complete system to measure ﬂow in ﬂuidic circuit board with mounted MFBBs.

7.1.6. Design considerations
The current state of standardization is compatible with frequently used fabrication technologies, including less accurate
technologies like direct milling. This results in relatively large building blocks for microﬂuidic systems, with long channels to connect
these blocks. Trade-offs between for example dead-volume and
pressure drop over the channels need to be made. The various
90◦ corners, the ﬂuid encounters, traveling from the FCB to the
MFBB and back can have unintended behavior like bubble trapping,
adding dead volume or mixing. These drawbacks of a modular platform are not necessarily a problem, by integrating sensitive parts
in the MFBB and having robust input and outputs on the MFBB.

8. Conclusions

Fig. 4. Closing pressure of an integrated valve. Line for visual guidance.

7.1.3. Valve MFBB
The ﬁgure in Table 2B shows the closure behavior of the MFBB
valve. The results shows that by applying sufﬁcient pressure to the
control line, the valve can be closed for all three input pressures.
When pressures higher than the ﬂuid pressure are applied to the
control line, the ﬂow is reduced.

7.1.4. Integrated FCB valve from the complex FCB design
Fig. 4 shows the closure behavior of the integrated valves in the
complex FCB design. In Fig. 4, three lines are visible for various
pressures (Ps) applied to the reservoir holding the liquid ﬂowing
through the valve. As expected, the valves are able to close and stop
the ﬂow if sufﬁcient pressure is applied to the control channels. A
control pressure equal to the pressure applied to the liquid reservoir
results in closure of the valve.

7.1.5. Clamping MFBB
The ﬁgure in Table 2E shows the O-ring seals between the FCB
and MFBB up to a pressure of at least 600 kPa. When the pressure is
increased from 0 to 100 kPa there is a slight positive ﬂow, whereas
for the decreasing steps the opposite effect is seen. This can be
explained by the air that was trapped in the system being compressed and relaxing, allowing liquid to ﬂow into the system and
out again.

In this paper, we have proposed a modular platform that uses
standard microﬂuidic building blocks. Together with a rapid manufacturing processes, this demonstrates a unique platform for
quick and straightforward research and development. This is especially important to reduce the existing gap for applications to
bridge the lab-to-fab gap, by reducing the time-to-market. This is
mainly achieved by separating the functional and physical design
by using a top-down design approach. We have developed several building blocks with basic functionality including reservoirs,
valves, ﬂow and pressure sensors, and a high volume pump. During development materials were chosen to be compatible with
quick prototyping fabrication, but also scalable to other manufacturing techniques to achieve higher volumes. We show how these
building blocks can be combined by using a FCB. The use of standards, in both the MFBB and interconnects, allows straightforward
and rapid development of early prototypes. Moreover, it demonstrates the combined use of a variety of fabrication technologies
in several materials such as glass, polymers and silicon. The combined use of these is difﬁcult to achieve in a traditional monolithic
lab-on-chip device. In the future, we will develop more building
blocks to extend our library. This library will be made available
in 2017 through the Microﬂuidics Manufacturing website [25] and
on-line through a marketplace [26] to enable broad adoption by the
microﬂuidics community. The wide support of key European players that are active in both manufacturing, design and equipment for
microﬂuidics is what will make the difference compared to earlier
attempts at modular microﬂuidics design.
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