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Abstract: Using polymer materials to fabricate microfluidic devices provides simple, cost effective,
and disposal advantages for both lab-on-a-chip (LOC) devices and micro total analysis systems
(µTAS). Polydimethylsiloxane (PDMS) elastomer and thermoplastics are the two major polymer
materials used in microfluidics. The fabrication of PDMS and thermoplastic microfluidic device can
be categorized as front-end polymer microchannel fabrication and post-end microfluidic bonding
procedures, respectively. PDMS and thermoplastic materials each have unique advantages and
their use is indispensable in polymer microfluidics. Therefore, the proper selection of polymer
microfabrication is necessary for the successful application of microfluidics. In this paper, we give
a short overview of polymer microfabrication methods for microfluidics and discuss current challenges
and future opportunities for research in polymer microfluidics fabrication. We summarize standard
approaches, as well as state-of-art polymer microfluidic fabrication methods. Currently, the polymer
microfluidic device is at the stage of technology transition from research labs to commercial production.
Thus, critical consideration is also required with respect to the commercialization aspects of fabricating
polymer microfluidics. This article provides easy-to-understand illustrations and targets to assist the
research community in selecting proper polymer microfabrication strategies in microfluidics.

Keywords: polymer microfluidics; polymer microfabrication; thermoplastics; polydimethylsiloxane

1. Introduction

With the introduction of microfluidics, micro total analysis system (µTAS), and lab-on-a-chip
(LOC) devices in the 1900s, the use of microfluidic devices has increased tremendously due to the great
potential in biomedical, point-of-care testing, and healthcare applications. The early development of
microfluidic devices commonly involved silicon and glass materials as basic substrates. However,
with the concept of using polymer materials in microfluidics been proposed in the late 1990s [1],
the use of silicon and glass materials has shifted to polymers, primarily due to their simple and
low-cost advantages. Compared to silicon and glass, polymers are inexpensive materials and feature
a wide variety of material properties for meeting the various application requirements of disposable
biomedical microfluidics devices, as well as many promising applications [2–4].

Fabrication of polymer microfluidic devices is relatively simple and no hazardous etching
reagent is required to create the polymer microstructures. The fabrication tools for making polymer
devices are also much cheaper than those for making semiconductor infrastructures, such as wet
benches or reactive-ion etching facilities. These factors make it possible for polymer microfluidics
devices to be easily fabricated in average research labs, a fact which has driven the development of
polymer microfluidics academically, and further toward industrial applications. After years of polymer
microfluidics investigations, various polymer microfabrication technologies have been developed
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using simple and low-cost formats. However, polymer microfabrication is not a straightforward
process and, as yet, there is no one-fits-for-all fabrication technique for creating polymer microfluidic
devices. Proper determination of polymer microfabrication strategies is critical for successful polymer
microfluidic device functionality. In this paper, we examine polymer microfabrication with respect
to the raw materials, facility costs, and general and state-of-art fabrication processes, as well as
commercialization considerations.

2. Selection of Polymer Material and Microfabrication Processes Selection

In the polymer microfabrication process, the first step is to identify its application and
requirements. Once the microfluidic chip application is identified, the microchannel/chamber layouts
can be designed. Next, one selects an appropriate polymer material and determines the fabrication
strategy to create a polymer microfluidic device that will meet the specific microfluidic application
requirements. The polymer materials typically used in microfluidic applications can be divided into
two major categories: polydimethylsiloxane (PDMS) and thermoplastics. Figure 1 shows the polymer
microfluidics fabrication procedures and selection strategies associated with PDMS (blue line) and
thermoplastics (red line). PDMS is one of the major materials used in polymer microfluidics because of
material elasticity, gas permittivity, and other several unique advantages. PDMS is an elastomer
material that can be deformed under the application of force or air pressure. The PDMS valve
was invented to control microchannel fluidic transportation, which also enables very large scale
integration in high-throughput applications [5–7]. Both PDMS and thermoplastics materials have
shown high biocompatibility for many biomolecules and cells [8,9]. Due to its high gas permittivity
property and high optical transmissivity, PDMS is the main material choice for cell-based microfluidic
devices [7,10,11]. Although PDMS has advantages, it also has several limitations in microfluidic
applications. Problems, such as channel deformation, low solvent and acid/base resistivity, evaporation,
sample absorption, leaching, and hydrophobic recovery, are the fundamental challenges associated with
PDMS in microfluidic devices [12,13]. Thermoplastics are synthetic polymers that have various surface
properties for microfluidic application. Thermoplastics such as poly(methyl methacrylate) (PMMA),
polycarbonate (PC), polystyrene (PS), polyvinyl chloride (PVC), polyimide (PI), and the family of cyclic
olefin polymers (i.e., cyclic olefin copolymer (COC), cyclic olefin polymer (COP), and cyclic block
copolymer (CBC)) have been widely used in microfluidics [14–16]. Thermoplastics are rigid polymer
materials that have good mechanical stability, a low water-absorption percentage, and organic-solvent,
and acid/base resistivity, which are critical factors in many bioanalytical microfluidic applications,
such as high-pressure liquid chromatography (HPLC) microfluidic applications [17], that involve
a high-pressure solvent injection procedure. PDMS may suffer from solvent swelling and channel
deformation issues, which makes thermoplastics (like COC) an ideal choice for the polymer material.
Table 1 summarizes the typical mechanical, optical, chemical (solvent and acid/base resistance),
and material costs for PDMS and thermoplastics commonly used in microfluidics.



Micromachines 2016, 7, 225 3 of 11Micromachines 2016, 7, 225 3 of 11 

 

 

Figure 1. Polymer microfluidics fabrication process chart. The blue line indicates the PDMS-based 
microfluidics fabrication procedure, and the red line indicates the thermoplastic microfluidics 
fabrication procedure. 
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different in different regions. Thermoplastic material is in pellets; 3 Suppliers: Dow Corning, Midland, 
MI, USA; 4 Suppliers: JSR ARTON (Tokyo, Japan), ZEON Chemicals (Louisville, KY, USA), TOPAS 
Advanced Polymers (Florence, KY, USA), USI Corporation (Taipei, Taiwan). 
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The fabrication process of PDMS microfluidic chips is relatively straightforward [18,19]. As 
shown in the blue process lines in Figure 1, the PDMS microchannel is mainly fabricated by a simple 
soft lithography process in which the PDMS reagent is directly cast onto a master micromold [20], 
followed by a bonding process [21]. The typical PDMS casting procedure is performed by mixing a 
PDMS base with a curing reagent in a 10:1 ratio, followed by curing at 80 °C for 1–2 h. The PDMS 
layer is then released from the micromold to complete the casting procedure. Since the casting process 
is such a simple process and the layer is easily released from the micromold, PDMS casting is a 
reliable and high yield procedure. SU-8 resin and standard photoresist (PR) can be used as 
micromolds in the PDMS procedure [22]. Sealing of the PDMS microstructure to enclose a 

Figure 1. Polymer microfluidics fabrication process chart. The blue line indicates the PDMS-based
microfluidics fabrication procedure, and the red line indicates the thermoplastic microfluidics
fabrication procedure.

Table 1. Summary of physical properties and suppliers for common polymer microfluidic materials.

Polymer PDMS
Thermoplastics

PC PMMA PS COC/COP/CBC

Mechanical property Elastomer Rigid Rigid Rigid Rigid
Thermal property 1 ~80 ◦C 140~150 ◦C 100~125 ◦C 90~100 ◦C 70~155 ◦C
Solvent resistance Poor Good Good Poor Excellent

Acid/base resistance Poor Good Good Good Good

Optical transmissivity Visible range Excellent Excellent Excellent Excellent Excellent
UV range Good Poor Good Poor Excellent

Biocompatibility Good Good Good Good Good
Material cost 2 ~150 $/Kit (1 Kg) 3 <3 $/Kg 3 2~4 $/Kg <3 $/Kg 20~25 $/Kg 4

1 Thermal property is determined based on the PDMS curing temperature and thermoplastic glass transition (Tg)
temperature; 2 The cost information is provided by a local supplier. Cost may be different in different regions.
Thermoplastic material is in pellets; 3 Suppliers: Dow Corning, Midland, MI, USA; 4 Suppliers: JSR ARTON
(Tokyo, Japan), ZEON Chemicals (Louisville, KY, USA), TOPAS Advanced Polymers (Florence, KY, USA),
USI Corporation (Taipei, Taiwan).

3. Polymer Microfluidics Fabrication Procedure

3.1. PDMS and Thermoplastic-Based Polymer Microfluidics

The fabrication process of PDMS microfluidic chips is relatively straightforward [18,19]. As shown
in the blue process lines in Figure 1, the PDMS microchannel is mainly fabricated by a simple
soft lithography process in which the PDMS reagent is directly cast onto a master micromold [20],
followed by a bonding process [21]. The typical PDMS casting procedure is performed by mixing
a PDMS base with a curing reagent in a 10:1 ratio, followed by curing at 80 ◦C for 1–2 h. The PDMS
layer is then released from the micromold to complete the casting procedure. Since the casting process
is such a simple process and the layer is easily released from the micromold, PDMS casting is a reliable
and high yield procedure. SU-8 resin and standard photoresist (PR) can be used as micromolds in
the PDMS procedure [22]. Sealing of the PDMS microstructure to enclose a microfluidic channel or
chamber also involves a simple and reliable procedure. A PDMS layer can be directly sealed/stuck
to another PDMS or glass substrate via van der Waals forces without the need for further fabrication
procedures. To meet high bonding strength requirements, the PDMS bond strength can be enhanced
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by tuning the process parameter [21] or, more commonly, using oxygen plasma treatment to form
an O–Si–O covalent bond at the PDMS interface [23,24].

In the thermoplastic microfluidic chip fabrication procedure (Figure 1, red lines), there are various
fabrication options for making thermoplastic microchannels. Thermoplastic microchannels can be
created either by rapid prototyping or replication methods. Rapid prototyping methods, such as
computer numerical controlled (CNC) milling [25–27], and laser ablation [28,29] are available for
generating microchannels on the thermoplastic substrate. Recently, a low-cost rapid prototyping method
by a digital craft cutter was proposed to create microchannels on a thin transparent thermoplastic
film [30–32]. Although CNC, laser ablation, or digital craft cutter methods have limits with respect
to microchannel resolution and surface roughness, they are important procedures in thermoplastic
microfluidics fabrication because rapid prototyping is a simple process for researchers to establish
proof-of-concept without the need for micromold fabrication. For mass production, thermoplastic
microchannels can be fabricated by replication processes, such as hot embossing/imprinting [33–35],
roller imprinting [36,37], and injection molding [38,39], which are common polymer replication
methods for massively reproducing thermoplastic microchips. In the thermoplastic fabrication
process, bonding is a critical last step that determines the bonding strength, geometry stability,
optical transmissivity, and surface chemistry of the produced microfluidic device. In some bonding
processes, there can be bottlenecks in the mass production of thermoplastic microfluidic devices.
Issues associated with bonding throughput are detailed in Section 4. A comprehensive review of
thermoplastic bonding methods have been reported by Tsao and DeVoe [40]. Generally, thermoplastic
bonding is achieved either by direct bonding or an intermediate bonding approach. Direct bonding
is a bonding process that uses no intermediate material at the bonding interface. Methods such as
thermal fusion bonding [41,42], ultrasonic welding [43], surface modification [44–46], and solvent
bonding [47,48] are categorized as direct bonding methods. Indirect bonding is defined as bonding
that involves the use of an additional material or chemical reagents to assist in the bonding,
such as epoxy, adhesive tape, or chemical reagents. Indirect thermoplastic bonding methods, such as
adhesive bonding [49–51] or microwave bonding [52], use an intermediate layer, such as metal or
a chemical reagent.

After completing the microchannel fabrication and bonding process to seal the microchannels,
the last step is to connect the microfluidic device for chip-to-world interface. Surface modification
procedures are sometimes applied in the polymer microfluidics to meet specific application
requirements [53–59]. Microfluidics interfacing issues remain a challenge and have been given less
emphasis in the microfluidic community. A good interface is a critical aspect that determines the success
of practical applications and commercialization potential. A recent review by Temiz et al. summarized
methods on how to “plug” chips for post-end fluidics, electronics, and analytical interfaces [60].
Both PDMS and thermoplastic microfluidics chips commonly use a standard Luer lock/cone, or peek
connector [61] for the fluidic interface. Solutions, such as surgical needles [62] or customer-designed
connectors [63] (Figure 2a), for the fluidic inlet/outlet have also been proposed. In particular, due to
the thermoplastic substrate’s rigidity, needles can achieve a tight-fit insertion into the thermoplastic in
high-pressure fluidic connections, which makes thermoplastics an appealing material for high-pressure
applications. For microfluidic devices to provide control and detection functions, based on electrical
principles (i.e., electrophoresis, electrowetting, electrochemical sensing), electrode pads for power and
electrical connections are required. The use of stainless surgical needles [62] in fluidic connection has
demonstrated good electrical contact or power connection for electrophoresis or isoelectric focusing
applications [64]. For integrated on-chip electrode pads, electrical contacts can be deposited on the
polymer surface by thermal or electron beam [64,65], screen printing [66], or 3D ion implantation
electrode [67]. Many microfluidic devices are analyzed by optical detection. Since all polymer materials
are optically transparent (Table 1), optical detection can be directly performed on a microscope without
any additional interface setup on the chip. However, for other detection methods, an analytical interface
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is required. For example, when interfacing with mass spectrometry analysis, an electrospray or droplet
deposition orifice must be incorporated into the microfluidic device [68].

3.2. Advances of Polymer Microfluidics Fabrication

Today, polymer microfluidics continues to be an intriguing research topic. Various polymer
materials have been demonstrated in the microfluidic applications with better performance [69].
For example, thermoset polyester (TPE) was proposed in microfluidics as an alternative material
to PDMS providing better chemical and solvent compatibility. The TPE fabrication process is
also compatible with standard replica molding, as well as advanced rapid high-pressure injection
procedures [70–72]. In polymer microfluidics fabrication, there is no one-fit-for-all polymer fabrication
technique and research is ongoing to identify techniques that are more reliable, simple, versatile,
and robust. In polymer replication, Beebe et al. recently reported a thermoplastic bonding method
that combines hot embossing and milling for faster replication, based on the hot embossing
method [73]. Several novel micromold technologies have been developed to realize better polymer
replication performance. For example, the thermoplastic building blocks technique (Figure 2c) offers
micromold design flexibility for producing PDMS microfluidic devices for diverse geometries and
functionalities [74]. Liquid metal alloys (bulk metallic glass) can also be integrated into microfluidic
molding technology to achieve more robust and versatile polymer fabrication [75,76]. Recently,
3D printing technologies [77,78] (Figure 2b) have become a popular prototyping method for fabricating
the polymer microfluidic devices.

With respect to the post-end microfluidic bonding advances, reversible bonding, based on
re-melting the wax [79] or a magnetic force [80] enables the production of dismountable and reusable
microfluidic devices. Bonding a heterogeneous material to make a “hybrid” device is also an important
method for making advanced integrated microfluidic devices. Bonding PDMS with thermoplastic
material enables a wider range of microfluidic applications. Tan et al. introduced a PMMA–PDMS
pneumatic micropump as a hybrid microfluidic device using optically-clear adhesive film [81].
Li et al. used a selective stamp bonding technique to transfer epoxy to bond a PDMS–polystyrene
(PS)/poly(ethylene terephthalate) (PET) microfluidic device for human lung epithelial cells analysis [82].
A doubly cross-linked nano-adhesive method has also been reported for sealing PDMS with polyimide
(PI) or polyethylene terephthalate (PET) [83]. Bonding polymer with paper can integrate thermoplastic
material with novel microfluidic paper-based analytical devices (µPADs) [84].
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Figure 2. (a) Custom-designed chip-to-world multichannel interfacing. Reproduced from [63] with
permission of The Royal Society of Chemistry; (b) polymer microfluidics device fabricated by
3D printing process. Reproduced from [78] with permission of The Royal Society of Chemistry;
and (c) thermoplastic building blocks for versatile PDMS microfluidics. Reproduced from [74] with
permission of The Royal Society of Chemistry.

4. Commercialization Considerations for Polymer Microfluidics Fabrication

Since publication of the first polymer microfluidic paper [85], the idea of using polymer material
in microfluidics has become increasingly popular in the research community. With almost 20 years of
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development, polymer microfluidic technology has become the major material choice for microfluidics
due to its advantages of low cost and disposability, and many effective bioanalytical applications
have been demonstrated. Microfluidic devices are currently in the technology transfer stage from the
research lab to commercial production. PDMS and thermoplastics each have their own advantages for
microfluidics applications, which are also indispensable factors in choosing materials for commercialized
products. For example, Fluidigm Inc.’s (South San Francisco, CA, USA) integrated fluidic circuits
are generated using a PDMS soft lithography process and the HPLC chips from Agilent Technologies
(Santa Clara, CA, USA) are based on a PMMA thermoplastic substrate. Several microfabrication foundries,
such as MiniFAB or Micralyne, have provided a fabrication-services business model for the mass
fabrication of polymer microfluidic devices. Many emerging microfluidic devices are also currently
being transferred from research prototypes into products. In general, a low-volume (<200 pieces per
month) polymer production rate is appropriate for academic or research labs developing prototypes
for proof-of-concepts. For commercialized microfluidic devices, medium volume (200–2000 pieces
per month) or preferably high-volume (>2000 piece month), mass production strategies should be
considered. In addition to the material properties and performance of polymer microfluidic devices,
fabrication throughput is a particularly important consideration for the commercialization of polymer
microfluidic devices.

Figure 3 shows the key polymer microfluidic fabrication procedures (microchannel fabrication
and chip bonding) in terms of their facility cost and fabrication throughput. From the fabrication
perspective, the PDMS casting process is time-consuming, normally taking 0.5–1 h to complete
a casting cycle, and can thus provide only 150–300 devices per month at a standard research-lab scale.
This may potentially constrain the production of high-volume quantities of PDMS microfluidic devices.
With respect to PDMS bonding, because PDMS can be directly sealed to the glass or PDMS layer,
bonding can be achieved by a simple attachment procedure without the need for any bonding facility.
Even for high bond strength O2 plasma bonding, PDMS bonding can be achieved within 10 min using
O2 plasma activation. By combining the PDMS casting and sealing procedures, PDMS microfluidic
devices can achieve medium-volume fabrication. Additoinally, PDMS chip fabrication facilities can be
developed in low-budget conditions (i.e., hot plate/vacuum oven and plasma cleaner) while achieving
good microfluidic throughput for research investigations. As such, PDMS has sometimes been a more
popular microfluidic chip choice than thermoplastics in academic research labs.

With respect to thermoplastics, because there is more variety of choice in the fabrication process,
thermoplastic microdevices can be generated either by low–medium throughput prototyping/replication
or by high-throughput replication methods. For the commonly used hot embossing process,
depending on the heating/cooling conditions, microchannels can be replicated in a medium-volume
production range at a rate of 10–30 min/cycle. In particular, methods such as injection molding and the
continuous reel-to-reel roller imprinting method can be complete a replication cycle within seconds,
which is ideal for producing large numbers of replicas per day, as required for commercial manufacture.
Regarding the thermoplastic bonding process, a wide variety of thermoplastic bonding methods have
been reviewed previously [40]. For comparison with other fabrication methods, in Figure 3, we show
three commonly used bonding methods: thermal fusion bonding, surface treatment (UV/ozone,
UVO), and adhesive bonding. In the direct fusion bonding method, because it requires thermoplastic
heating above Tg to “fuse” the bonding pairs, a longer time of around 30 min/cycle is required
to bond a chip. A surface treatment bonding method has been proposed to effectively reduce
the processing temperature below Tg or even to room temperature. Depending on the bonding
temperature, the process cycle time can be reduced to ~10 min/cycle for the evaluated production
volume. Using adhesive bonding, the thermoplastic can be bonded at room temperature, so chips can
be bonded rapidly within 2 min to achieve high-volume polymer fabrication. We note that the facilities
costs and fabrication throughputs in Figure 3 are estimated values, and the price and processing
times may vary depending on the tool brand and the fabrication resolution. Nevertheless, Figure 3
provides a useful comparison of the fabrication throughput and cost aspects. With the selection of the
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more appropriate fabrication method, both PDMS and thermoplastic materials can reach medium- to
high-volume fabrication throughput to meet mass commercial production requirements.

Micromachines 2016, 7, 225 7 of 11 

 

thermoplastic materials can reach medium- to high-volume fabrication throughput to meet mass 
commercial production requirements. 

 
Figure 3. Estimation of fabrication throughput (x-axis, PCs/month) and facility cost (y-axis, in US 
dollars) of critical polymer microfabrication procedures.  

5. Conclusions 

PDMS and thermoplastics are two important substrate materials in polymer microfluidics and 
polymer microfabrication techniques that have been well developed for both to begin transferring 
microfluidics prototypes from academic research labs to commercialized production. The proper 
selection of polymer material and polymer microfabrication strategy are critical to ensure success in 
polymer microfluidics research and commercialization. Future development of polymer 
microfabrication techniques should further explore the microfabrication performance (i.e., minimum 
channel resolution, bonding strength, etc.), but also consider commercial aspects (i.e., fabrication 
throughput and cost) to bridge polymer microfluidic devices from research prototypes into 
commercialized products. 

Acknowledgments: The author thank the Ministry of Science and Technology, Taiwan, for financially 
supporting this project under Grant No. MOST 105-2221-E-008-061. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Manz, A.; Graber, N.; Widmer, H.M. Miniaturized total chemical-analysis systems—A novel concept for 
chemical sensing. Sens. Actuators B Chem. 1990, 1, 244–248. 

Figure 3. Estimation of fabrication throughput (x-axis, PCs/month) and facility cost (y-axis, in US
dollars) of critical polymer microfabrication procedures.

5. Conclusions

PDMS and thermoplastics are two important substrate materials in polymer microfluidics and
polymer microfabrication techniques that have been well developed for both to begin transferring
microfluidics prototypes from academic research labs to commercialized production. The proper selection
of polymer material and polymer microfabrication strategy are critical to ensure success in polymer
microfluidics research and commercialization. Future development of polymer microfabrication
techniques should further explore the microfabrication performance (i.e., minimum channel resolution,
bonding strength, etc.), but also consider commercial aspects (i.e., fabrication throughput and cost) to
bridge polymer microfluidic devices from research prototypes into commercialized products.

Acknowledgments: The author thank the Ministry of Science and Technology, Taiwan, for financially supporting
this project under Grant No. MOST 105-2221-E-008-061.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Manz, A.; Graber, N.; Widmer, H.M. Miniaturized total chemical-analysis systems—A novel concept for
chemical sensing. Sens. Actuators B Chem. 1990, 1, 244–248. [CrossRef]

http://dx.doi.org/10.1016/0925-4005(90)80209-I


Micromachines 2016, 7, 225 8 of 11

2. Becker, H.; Locascio, L.E. Polymer microfluidic devices. Talanta 2002, 56, 267–287. [CrossRef]
3. Tan, S.H.; Maes, F.; Semin, B.; Vrignon, J.; Baret, J.C. The microfluidic jukebox. Sci. Rep. 2014, 4, 4787.

[CrossRef] [PubMed]
4. Chong, Z.Z.; Tan, S.H.; Ganan-Calvo, A.M.; Tor, S.B.; Loh, N.H.; Nguyen, N.T. Active droplet generation in

microfluidics. Lab Chip 2016, 16, 35–58. [CrossRef] [PubMed]
5. Araci, I.E.; Quake, S.R. Microfluidic very large scale integration (mvlsi) with integrated micromechanical

valves. Lab Chip 2012, 12, 2803–2806. [CrossRef] [PubMed]
6. McDonald, J.C.; Whitesides, G.M. Poly(dimethylsiloxane) as a material for fabricating microfluidic devices.

Acc. Chem. Res. 2002, 35, 491–499. [CrossRef] [PubMed]
7. Sia, S.K.; Whitesides, G.M. Microfluidic devices fabricated in poly(dimethylsiloxane) for biological studies.

Electrophoresis 2003, 24, 3563–3576. [CrossRef] [PubMed]
8. Alrifaiy, A.; Lindahl, O.A.; Ramser, K. Polymer-based microfluidic devices for pharmacy, biology and tissue

engineering. Polymers 2012, 4, 1349–1398. [CrossRef]
9. Van Midwoud, P.M.; Janse, A.; Merema, M.T.; Groothuis, G.M.M.; Verpoorte, E. Comparison of

biocompatibility and adsorption properties of different plastics for advanced microfluidic cell and tissue
culture models. Anal. Chem. 2012, 84, 3938–3944. [CrossRef] [PubMed]

10. Mehling, M.; Tay, S. Microfluidic cell culture. Curr. Opin. Biotech. 2014, 25, 95–102. [CrossRef] [PubMed]
11. Wu, M.H.; Huang, S.B.; Lee, G.B. Microfluidic cell culture systems for drug research. Lab Chip 2010, 10,

939–956. [CrossRef] [PubMed]
12. Berthier, E.; Young, E.W.K.; Beebe, D. Engineers are from pdms-land, biologists are from polystyrenia.

Lab Chip 2012, 12, 1224–1237. [CrossRef] [PubMed]
13. Halldorsson, S.; Lucumi, E.; Gómez-Sjöberg, R.; Fleming, R.M.T. Advantages and challenges of microfluidic

cell culture in polydimethylsiloxane devices. Biosens. Bioelectron. 2015, 63, 218–231. [CrossRef] [PubMed]
14. Liu, K.; Fan, Z.H. Thermoplastic microfluidic devices and their applications in protein and DNA analysis.

Analyst 2011, 136, 1288–1297. [CrossRef] [PubMed]
15. Becker, H.; Nevitt, M.; Gray, B.L. Selecting and designing with the right thermoplastic polymer for your

microfluidic chip: A close look into cyclo-olefin polymer. Proc. SPIE 2013, 8615, 86150F.
16. Bhattacharyya, A.; Klapperich, C.M. Thermoplastic microfluidic device for on-chip purification of nucleic

acids for disposable diagnostics. Anal. Chem. 2006, 78, 788–792. [CrossRef] [PubMed]
17. Liu, J.K.; Chen, C.F.; Tsao, C.W.; Chang, C.C.; Chu, C.C.; Devoe, D.L. Polymer microchips integrating

solid-phase extraction and high-performance liquid chromatography using reversed-phase polymethacrylate
monoliths. Anal. Chem. 2009, 81, 2545–2554. [CrossRef] [PubMed]

18. Friend, J.; Yeo, L. Fabrication of microfluidic devices using polydimethylsiloxane. Biomicrofluidics 2010,
4, 026502. [CrossRef] [PubMed]

19. Xi, H.D.; Guo, W.; Leniart, M.; Chong, Z.Z.; Tan, S.H. AC electric field induced droplet deformation in
a microfluidic T-junction. Lab Chip 2016, 16, 2982–2986. [CrossRef] [PubMed]

20. Xia, Y.; Whitesides, G.M. Soft lithography. Angew. Chem. Int. Ed. Engl. 1998, 37, 550–575. [CrossRef]
21. Eddings, M.A.; Johnson, M.A.; Gale, B.K. Determining the optimal PDMS-PDMS bonding technique for

microfluidic devices. J. Micromech. Microeng. 2008, 18, 067001. [CrossRef]
22. Unger, M.A.; Chou, H.P.; Thorsen, T.; Scherer, A.; Quake, S.R. Monolithic microfabricated valves and pumps

by multilayer soft lithography. Science 2000, 288, 113–116. [CrossRef] [PubMed]
23. Chong, Z.Z.; Tor, S.B.; Loh, N.H.; Wong, T.N.; Ganan-Calvo, A.M.; Tan, S.H.; Nguyen, N.T. Acoustofluidic

control of bubble size in microfluidic flow-focusing configuration. Lab Chip 2015, 15, 996–999. [CrossRef]
[PubMed]

24. Tan, S.H.; Nguyen, N.T.; Chua, Y.C.; Kang, T.G. Oxygen plasma treatment for reducing hydrophobicity of
a sealed polydimethylsiloxane microchannel. Biomicrofluidics 2010, 4, 032204. [CrossRef] [PubMed]

25. Guckenberger, D.J.; de Groot, T.E.; Wan, A.M.D.; Beebe, D.J.; Young, E.W.K. Micromilling: A method for
ultra-rapid prototyping of plastic microfluidic devices. Lab Chip 2015, 15, 2364–2378. [CrossRef] [PubMed]

26. Rahmanian, O.; DeVoe, D.L. Pen microfluidics: Rapid desktop manufacturing of sealed thermoplastic
microchannels. Lab Chip 2013, 13, 1102–1108. [CrossRef] [PubMed]

27. Okagbare, P.I.; Emory, J.M.; Datta, P.; Goettert, J.; Soper, S.A. Fabrication of a cyclic olefin copolymer planar
waveguide embedded in a multi-channel poly(methyl methacrylate) fluidic chip for evanescence excitation.
Lab Chip 2010, 10, 66–73. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0039-9140(01)00594-X
http://dx.doi.org/10.1038/srep04787
http://www.ncbi.nlm.nih.gov/pubmed/24781785
http://dx.doi.org/10.1039/C5LC01012H
http://www.ncbi.nlm.nih.gov/pubmed/26555381
http://dx.doi.org/10.1039/c2lc40258k
http://www.ncbi.nlm.nih.gov/pubmed/22714259
http://dx.doi.org/10.1021/ar010110q
http://www.ncbi.nlm.nih.gov/pubmed/12118988
http://dx.doi.org/10.1002/elps.200305584
http://www.ncbi.nlm.nih.gov/pubmed/14613181
http://dx.doi.org/10.3390/polym4031349
http://dx.doi.org/10.1021/ac300771z
http://www.ncbi.nlm.nih.gov/pubmed/22444457
http://dx.doi.org/10.1016/j.copbio.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24484886
http://dx.doi.org/10.1039/b921695b
http://www.ncbi.nlm.nih.gov/pubmed/20358102
http://dx.doi.org/10.1039/c2lc20982a
http://www.ncbi.nlm.nih.gov/pubmed/22318426
http://dx.doi.org/10.1016/j.bios.2014.07.029
http://www.ncbi.nlm.nih.gov/pubmed/25105943
http://dx.doi.org/10.1039/c0an00969e
http://www.ncbi.nlm.nih.gov/pubmed/21274478
http://dx.doi.org/10.1021/ac051449j
http://www.ncbi.nlm.nih.gov/pubmed/16448052
http://dx.doi.org/10.1021/ac802359e
http://www.ncbi.nlm.nih.gov/pubmed/19267447
http://dx.doi.org/10.1063/1.3259624
http://www.ncbi.nlm.nih.gov/pubmed/20697575
http://dx.doi.org/10.1039/C6LC00448B
http://www.ncbi.nlm.nih.gov/pubmed/27173587
http://dx.doi.org/10.1002/(SICI)1521-3773(19980316)37:5&lt;550::AID-ANIE550&gt;3.0.CO;2-G
http://dx.doi.org/10.1088/0960-1317/18/6/067001
http://dx.doi.org/10.1126/science.288.5463.113
http://www.ncbi.nlm.nih.gov/pubmed/10753110
http://dx.doi.org/10.1039/C4LC01139B
http://www.ncbi.nlm.nih.gov/pubmed/25510843
http://dx.doi.org/10.1063/1.3466882
http://www.ncbi.nlm.nih.gov/pubmed/21045926
http://dx.doi.org/10.1039/C5LC00234F
http://www.ncbi.nlm.nih.gov/pubmed/25906246
http://dx.doi.org/10.1039/c2lc41057e
http://www.ncbi.nlm.nih.gov/pubmed/23344819
http://dx.doi.org/10.1039/B908759A
http://www.ncbi.nlm.nih.gov/pubmed/20024052


Micromachines 2016, 7, 225 9 of 11

28. Suriano, R.; Kuznetsov, A.; Eaton, S.M.; Kiyan, R.; Cerullo, G.; Osellame, R.; Chichkov, B.N.; Levi, M.;
Turri, S. Femtosecond laser ablation of polymeric substrates for the fabrication of microfluidic channels.
Appl. Surf. Sci. 2011, 257, 6243–6250. [CrossRef]

29. Liu, K.; Xiang, J.; Ai, Z.; Zhang, S.; Fang, Y.; Chen, T.; Zhou, Q.; Li, S.; Wang, S.; Zhang, N.
PMMA microfluidic chip fabrication using laser ablation and low temperature bonding with OCA film and
LOCA. Microsyst. Technol. 2016, 1–6. [CrossRef]

30. Yuen, P.K.; Goral, V.N. Low-cost rapid prototyping of flexible microfluidic devices using a desktop digital
craft cutter. Lab Chip 2010, 10, 384–387. [CrossRef] [PubMed]

31. Cassano, C.L.; Simon, A.J.; Liu, W.; Fredrickson, C.; Hugh Fan, Z. Use of vacuum bagging for fabricating
thermoplastic microfluidic devices. Lab Chip 2015, 15, 62–66. [CrossRef] [PubMed]

32. Islam, M.; Natu, R.; Martinez-Duarte, R. A study on the limits and advantages of using a desktop cutter
plotter to fabricate microfluidic networks. Microfluid. Nanofluid. 2015, 19, 973–985. [CrossRef]

33. Abgrall, P.; Low, L.N.; Nguyen, N.T. Fabrication of planar nanofluidic channels in a thermoplastic by
hot-embossing and thermal bonding. Lab Chip 2007, 7, 520–522. [CrossRef] [PubMed]

34. Peng, L.; Deng, Y.; Yi, P.; Lai, X. Micro hot embossing of thermoplastic polymers: A review.
J. Micromech. Microeng. 2014, 24, 013001. [CrossRef]

35. Yang, S.; DeVoe, D.L. Microfluidic device fabrication by thermoplastic hot-embossing. In Microfluidic Diagnostics:
Methods and Protocols; Jenkins, G., Mansfield, C.D., Eds.; Humana Press: Totowa, NJ, USA, 2013; pp. 115–123.

36. Focke, M.; Kosse, D.; Muller, C.; Reinecke, H.; Zengerle, R.; von Stetten, F. Lab-on-a-foil: Microfluidics on
thin and flexible films. Lab Chip 2010, 10, 1365–1386. [CrossRef] [PubMed]

37. Velten, T.; Schuck, H.; Richter, M.; Klink, G.; Bock, K.; Khan Malek, C.; Roth, S.; Schoo, H.; Bolt, P.J.
Microfluidics on foil: State of the art and new developments. Proc. Inst. Mech. Eng. B J. Eng. Manuf. 2008,
222, 107–116. [CrossRef]

38. Mair, D.A.; Geiger, E.; Pisano, A.P.; Frechet, J.M.J.; Svec, F. Injection molded microfluidic chips featuring
integrated interconnects. Lab Chip 2006, 6, 1346–1354. [CrossRef] [PubMed]

39. Attia, U.M.; Marson, S.; Alcock, J.R. Micro-injection moulding of polymer microfluidic devices.
Microfluid. Nanofluid. 2009, 7, 1–28. [CrossRef]

40. Tsao, C.W.; DeVoe, D.L. Bonding of thermoplastic polymer microfluidics. Microfluid. Nanofluid. 2009, 6, 1–16.
[CrossRef]

41. Roy, S.; Yue, C.Y.; Wang, Z.Y.; Ananda, L. Thermal bonding of microfluidic devices: Factors that affect
interfacial strength of similar and dissimilar cyclic olefin copolymers. Sens. Actuators B Chem. 2012, 161,
1067–1073. [CrossRef]

42. Sun, Y.; Kwok, Y.C.; Nguyen, N.T. Low-pressure, high-temperature thermal bonding of polymeric
microfluidic devices and their applications for electrophoretic separation. J. Micromech. Microeng. 2006, 16,
1681–1688. [CrossRef]

43. Yu, H.; Tor, S.B.; Loh, N.H. Rapid bonding enhancement by auxiliary ultrasonic actuation for the fabrication
of cyclic olefin copolymer (COC) microfluidic devices. J. Micromech. Microeng. 2014, 24, 115020. [CrossRef]

44. Yu, H.; Chong, Z.Z.; Tor, S.B.; Liu, E.; Loh, N.H. Low temperature and deformation-free bonding of pmma
microfluidic devices with stable hydrophilicity via oxygen plasma treatment and PVA coating. RSC Adv.
2015, 5, 8377–8388. [CrossRef]

45. Tsao, C.W.; Hromada, L.; Liu, J.; Kumar, P.; DeVoe, D.L. Low temperature bonding of PMMA and COC
microfluidic substrates using UV/ozone surface treatment. Lab Chip 2007, 7, 499–505. [CrossRef] [PubMed]

46. Shinohara, H.; Mizuno, J.; Shoji, S. Studies on low-temperature direct bonding of VUV, VUV/O3 and O2

plasma pretreated cyclo-olefin polymer. Sens. Actuators A Phys. 2011, 165, 124–131. [CrossRef]
47. Keller, N.; Nargang, T.M.; Runck, M.; Kotz, F.; Striegel, A.; Sachsenheimer, K.; Klemm, D.; Lange, K.;

Worgull, M.; Richter, C.; et al. Tacky cyclic olefin copolymer: A biocompatible bonding technique for the
fabrication of microfluidic channels in COC. Lab Chip 2016, 16, 1561–1564. [CrossRef] [PubMed]

48. Wan, A.M.D.; Sadri, A.; Young, E.W.K. Liquid phase solvent bonding of plastic microfluidic devices assisted
by retention grooves. Lab Chip 2015, 15, 3785–3792. [CrossRef] [PubMed]

49. Salvo, P.; Verplancke, R.; Bossuyt, F.; Latta, D.; Vandecasteele, B.; Liu, C.; Vanfleteren, J. Adhesive bonding by
SU-8 transfer for assembling microfluidic devices. Microfluid. Nanofluid. 2012, 13, 987–991. [CrossRef]

50. Lu, C.M.; Lee, L.J.; Juang, Y.J. Packaging of microfluidic chips via interstitial bonding. Electrophoresis 2008,
29, 1407–1414. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.apsusc.2011.02.053
http://dx.doi.org/10.1007/s00542-016-2924-1
http://dx.doi.org/10.1039/B918089C
http://www.ncbi.nlm.nih.gov/pubmed/20091012
http://dx.doi.org/10.1039/C4LC00927D
http://www.ncbi.nlm.nih.gov/pubmed/25329244
http://dx.doi.org/10.1007/s10404-015-1626-9
http://dx.doi.org/10.1039/b616134k
http://www.ncbi.nlm.nih.gov/pubmed/17389971
http://dx.doi.org/10.1088/0960-1317/24/1/013001
http://dx.doi.org/10.1039/c001195a
http://www.ncbi.nlm.nih.gov/pubmed/20369211
http://dx.doi.org/10.1243/09544054JEM866
http://dx.doi.org/10.1039/B605911B
http://www.ncbi.nlm.nih.gov/pubmed/17102848
http://dx.doi.org/10.1007/s10404-009-0421-x
http://dx.doi.org/10.1007/s10404-008-0361-x
http://dx.doi.org/10.1016/j.snb.2011.12.011
http://dx.doi.org/10.1088/0960-1317/16/8/033
http://dx.doi.org/10.1088/0960-1317/24/11/115020
http://dx.doi.org/10.1039/C4RA12771D
http://dx.doi.org/10.1039/b618901f
http://www.ncbi.nlm.nih.gov/pubmed/17389967
http://dx.doi.org/10.1016/j.sna.2010.04.006
http://dx.doi.org/10.1039/C5LC01498K
http://www.ncbi.nlm.nih.gov/pubmed/27040493
http://dx.doi.org/10.1039/C5LC00729A
http://www.ncbi.nlm.nih.gov/pubmed/26261900
http://dx.doi.org/10.1007/s10404-012-1011-x
http://dx.doi.org/10.1002/elps.200700680
http://www.ncbi.nlm.nih.gov/pubmed/18318005


Micromachines 2016, 7, 225 10 of 11

51. Lai, S.; Cao, X.; Lee, L.J. A packaging technique for polymer microfluidic platforms. Anal. Chem. 2004, 76,
1175–1183. [CrossRef] [PubMed]

52. Toossi, A.; Moghadas, H.; Daneshmand, M.; Sameoto, D. Bonding pmma microfluidics using commercial
microwave ovens. J. Micromech. Microeng. 2015, 25, 085008. [CrossRef]

53. Soper, S.A.; Henry, A.C.; Vaidya, B.; Galloway, M.; Wabuyele, M.; McCarley, R.L. Surface modification of
polymer-based microfluidic devices. Anal. Chim. Acta 2002, 470, 87–99. [CrossRef]

54. Subramanian, B.; Kim, N.; Lee, W.; Spivak, D.A.; Nikitopoulos, D.E.; McCarley, R.L.; Soper, S.A.
Surface modification of droplet polymeric microfluidic devices for the stable and continuous generation of
aqueous droplets. Langmuir 2011, 27, 7949–7957. [CrossRef] [PubMed]

55. Vourdas, N.; Tserepi, A.; Boudouvis, A.G.; Gogolides, E. Plasma processing for polymeric microfluidics
fabrication and surface modification: Effect of super-hydrophobic walls on electroosmotic flow.
Microelectron. Eng. 2008, 85, 1124–1127. [CrossRef]

56. Hu, S.; Ren, X.; Bachman, M.; Sims, C.E.; Li, G.P.; Allbritton, N. Surface modification of
poly(dimethylsiloxane) microfluidic devices by ultraviolet polymer grafting. Anal. Chem. 2002, 74, 4117–4123.
[CrossRef] [PubMed]

57. Zhou, J.W.; Khodakov, D.A.; Ellis, A.V.; Voelcker, N.H. Surface modification for pdms-based microfluidic
devices. Electrophoresis 2012, 33, 89–104. [CrossRef] [PubMed]

58. Kitsara, M.; Ducree, J. Integration of functional materials and surface modification for polymeric microfluidic
systems. J. Micromech. Microeng. 2013, 23, 033001. [CrossRef]

59. Zilio, C.; Sola, L.; Damin, F.; Faggioni, L.; Chiari, M. Universal hydrophilic coating of thermoplastic polymers
currently used in microfluidics. Biomed. Microdevices 2014, 16, 107–114. [CrossRef] [PubMed]

60. Temiz, Y.; Lovchik, R.D.; Kaigala, G.V.; Delamarche, E. Lab-on-a-chip devices: How to close and plug the
lab? Microelectron. Eng. 2015, 132, 156–175. [CrossRef]

61. Van Heeren, H. Standards for connecting microfluidic devices? Lab Chip 2012, 12, 1022–1025. [CrossRef]
[PubMed]

62. Chen, C.F.; Liu, J.; Hromada, L.P.; Tsao, C.W.; Chang, C.C.; DeVoe, D.L. High-pressure needle interface for
thermoplastic microfluidics. Lab Chip 2009, 9, 50–55. [CrossRef] [PubMed]

63. Wilhelm, E.; Neumann, C.; Duttenhofer, T.; Pires, L.; Rapp, B.E. Connecting microfluidic chips using
a chemically inert, reversible, multichannel chip-to-world-interface. Lab Chip 2013, 13, 4343–4351. [CrossRef]
[PubMed]

64. Zou, Z.W.; Kai, J.H.; Rust, M.J.; Han, J.; Ahn, C.H. Functionalized nano interdigitated electrodes arrays
on polymer with integrated microfluidics for direct bio-affinity sensing using impedimetric measurement.
Sens. Actuators A Phys. 2007, 136, 518–526. [CrossRef]

65. Gärtner, C.; Kirsch, S.; Anton, B.; Becker, H. In Hybrid microfluidic systems: Combining a polymer
microfluidic toolbox with biosensors. Proc. SPIE 2007, 6465, 64650F.

66. Godino, N.; Gorkin, R.; Bourke, K.; Ducree, J. Fabricating electrodes for amperometric detection in hybrid
paper/polymer lab-on-a-chip devices. Lab Chip 2012, 12, 3281–3284. [CrossRef] [PubMed]

67. Choi, J.W.; Rosset, S.; Niklaus, M.; Adleman, J.R.; Shea, H.; Psaltis, D. 3-dimensional electrode patterning
within a microfluidic channel using metal ion implantation. Lab Chip 2010, 10, 783–788. [CrossRef] [PubMed]

68. Oedit, A.; Vulto, P.; Ramautar, R.; Lindenburg, P.W.; Hankemeier, T. Lab-on-a-chip hyphenation with mass
spectrometry: Strategies for bioanalytical applications. Curr. Opin. Biotech. 2015, 31, 79–85. [CrossRef]
[PubMed]

69. Nge, P.N.; Rogers, C.I.; Woolley, A.T. Advances in microfluidic materials, functions, integration,
and applications. Chem. Rev. 2013, 113, 2550–2583. [CrossRef] [PubMed]

70. Fiorini, G.S.; Yim, M.; Jeffries, G.D.M.; Schiro, P.G.; Mutch, S.A.; Lorenz, R.M.; Chiu, D.T. Fabrication
improvements for thermoset polyester (TPE) microfluidic devices. Lab Chip 2007, 7, 923–926. [CrossRef]
[PubMed]

71. Kim, J.-y.; deMello, A.J.; Chang, S.-I.; Hong, J.; O’Hare, D. Thermoset polyester droplet-based microfluidic
devices for high frequency generation. Lab Chip 2011, 11, 4108–4112. [CrossRef] [PubMed]

72. Sollier, E.; Murray, C.; Maoddi, P.; Di Carlo, D. Rapid prototyping polymers for microfluidic devices and
high pressure injections. Lab Chip 2011, 11, 3752–3765. [CrossRef] [PubMed]

http://dx.doi.org/10.1021/ac034990t
http://www.ncbi.nlm.nih.gov/pubmed/14961752
http://dx.doi.org/10.1088/0960-1317/25/8/085008
http://dx.doi.org/10.1016/S0003-2670(02)00356-2
http://dx.doi.org/10.1021/la200298n
http://www.ncbi.nlm.nih.gov/pubmed/21608975
http://dx.doi.org/10.1016/j.mee.2007.12.032
http://dx.doi.org/10.1021/ac025700w
http://www.ncbi.nlm.nih.gov/pubmed/12199582
http://dx.doi.org/10.1002/elps.201100482
http://www.ncbi.nlm.nih.gov/pubmed/22128067
http://dx.doi.org/10.1088/0960-1317/23/3/033001
http://dx.doi.org/10.1007/s10544-013-9810-8
http://www.ncbi.nlm.nih.gov/pubmed/24037663
http://dx.doi.org/10.1016/j.mee.2014.10.013
http://dx.doi.org/10.1039/c2lc20937c
http://www.ncbi.nlm.nih.gov/pubmed/22298257
http://dx.doi.org/10.1039/B812812J
http://www.ncbi.nlm.nih.gov/pubmed/19209335
http://dx.doi.org/10.1039/c3lc50861g
http://www.ncbi.nlm.nih.gov/pubmed/24056989
http://dx.doi.org/10.1016/j.sna.2006.12.006
http://dx.doi.org/10.1039/c2lc40223h
http://www.ncbi.nlm.nih.gov/pubmed/22842728
http://dx.doi.org/10.1039/b917719a
http://www.ncbi.nlm.nih.gov/pubmed/20221568
http://dx.doi.org/10.1016/j.copbio.2014.08.009
http://www.ncbi.nlm.nih.gov/pubmed/25232996
http://dx.doi.org/10.1021/cr300337x
http://www.ncbi.nlm.nih.gov/pubmed/23410114
http://dx.doi.org/10.1039/b702548c
http://www.ncbi.nlm.nih.gov/pubmed/17594014
http://dx.doi.org/10.1039/c1lc20603f
http://www.ncbi.nlm.nih.gov/pubmed/21979428
http://dx.doi.org/10.1039/c1lc20514e
http://www.ncbi.nlm.nih.gov/pubmed/21979377


Micromachines 2016, 7, 225 11 of 11

73. Konstantinou, D.; Shirazi, A.; Sadri, A.; Young, E.W.K. Combined hot embossing and milling for medium
volume production of thermoplastic microfluidic devices. Sens. Actuators B Chem. 2016, 234, 209–221.
[CrossRef]

74. Stoller, M.A.; Konda, A.; Kottwitz, M.A.; Morin, S.A. Thermoplastic building blocks for the fabrication of
microfluidic masters. RSC Adv. 2015, 5, 97934–97943. [CrossRef]

75. Vella, P.C.; Dimov, S.S.; Brousseau, E.; Whiteside, B.R. A new process chain for producing bulk metallic
glass replication masters with micro- and nano-scale features. Int. J. Adv. Manuf. Technol. 2015, 76, 523–543.
[CrossRef]

76. Li, G.; Parmar, M.; Lee, D.W. An oxidized liquid metal-based microfluidic platform for tunable electronic
device applications. Lab Chip 2015, 15, 766–775. [CrossRef] [PubMed]

77. Ho, C.M.B.; Ng, S.H.; Li, K.H.H.; Yoon, Y.-J. 3D printed microfluidics for biological applications. Lab Chip
2015, 15, 3627–3637. [CrossRef] [PubMed]

78. Au, A.K.; Lee, W.; Folch, A. Mail-order microfluidics: Evaluation of stereolithography for the production of
microfluidic devices. Lab Chip 2014, 14, 1294–1301. [CrossRef] [PubMed]

79. Gong, X.Q.; Yi, X.; Xiao, K.; Li, S.; Kodzius, R.; Qin, J.H.; Wen, W.J. Wax-bonding 3D microfluidic chips.
Lab Chip 2010, 10, 2622–2627. [CrossRef] [PubMed]

80. Tsao, C.W.; Lee, Y.P. Magnetic microparticle-polydimethylsiloxane composite for reversible microchannel
bonding. Sci. Technol. Adv. Mater. 2016, 17, 2–11. [CrossRef] [PubMed]

81. Tan, H.Y.; Loke, W.K.; Nguyen, N.T. A reliable method for bonding polydimethylsiloxane (PDMS) to
polymethylmethacrylate (PMMA) and its application in micropumps. Sens. Actuators B Chem. 2010, 151,
133–139. [CrossRef]

82. Li, X.; Wu, N.Q.; Rojanasakul, Y.; Liu, Y.X. Selective stamp bonding of pdms microfluidic devices to polymer
substrates for biological applications. Sens. Actuators A Phys. 2013, 193, 186–192. [CrossRef]

83. You, J.B.; Min, K.I.; Lee, B.; Kim, D.P.; Im, S.G. A doubly cross-linked nano-adhesive for the reliable sealing
of flexible microfluidic devices. Lab Chip 2013, 13, 1266–1272. [CrossRef] [PubMed]

84. Yetisen, A.K.; Akram, M.S.; Lowe, C.R. Paper-based microfluidic point-of-care diagnostic devices. Lab Chip
2013, 13, 2210–2251. [CrossRef] [PubMed]

85. Xia, Y.N.; Whitesides, G.M. Soft lithography. Annu. Rev. Mater. Sci. 1998, 28, 153–184. [CrossRef]

© 2016 by the author; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.snb.2016.04.147
http://dx.doi.org/10.1039/C5RA22742A
http://dx.doi.org/10.1007/s00170-014-6148-1
http://dx.doi.org/10.1039/C4LC01013B
http://www.ncbi.nlm.nih.gov/pubmed/25431832
http://dx.doi.org/10.1039/C5LC00685F
http://www.ncbi.nlm.nih.gov/pubmed/26237523
http://dx.doi.org/10.1039/C3LC51360B
http://www.ncbi.nlm.nih.gov/pubmed/24510161
http://dx.doi.org/10.1039/c004744a
http://www.ncbi.nlm.nih.gov/pubmed/20689865
http://dx.doi.org/10.1080/14686996.2016.1140301
http://www.ncbi.nlm.nih.gov/pubmed/27877852
http://dx.doi.org/10.1016/j.snb.2010.09.035
http://dx.doi.org/10.1016/j.sna.2012.12.037
http://dx.doi.org/10.1039/c2lc41266g
http://www.ncbi.nlm.nih.gov/pubmed/23381132
http://dx.doi.org/10.1039/c3lc50169h
http://www.ncbi.nlm.nih.gov/pubmed/23652632
http://dx.doi.org/10.1146/annurev.matsci.28.1.153
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Selection of Polymer Material and Microfabrication Processes Selection 
	Polymer Microfluidics Fabrication Procedure 
	PDMS and Thermoplastic-Based Polymer Microfluidics 
	Advances of Polymer Microfluidics Fabrication 

	Commercialization Considerations for Polymer Microfluidics Fabrication 
	Conclusions 

