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Microfluidic devices are increasingly being sought after as powerful alternatives to traditional macroscopic
benchtop biochemical analysis systems due to their lower cost, faster analysis times, and reduced reagent
consumption. Advances in additive manufacturing and semiconductor fabrication have simplified device
realization, enabling their integration into a wide range of biochemical applications. Microfluidic devices
were initially fabricated using glass and silicon as substrate materials. However, as the demand for more
complex structures has increased, new materials have been introduced. Among these are soft and
thermoplastic polymers, which are well suited to techniques such as soft molding, injection molding, and
hot embossing. Despite these developments, surface-treated glass and silicon are preferred for high-

grade analyses due to their superior chemical, biological, thermal, and physical properties. In this review,
Received 4th November 2025 highlight t . iall d . iall ilabl icrofluidic devi
Accepted 10th February 2026 we highlight recent progress in commercially and semi-commercially available microfluidic devices

based on glass and silicon substrates. We summarize key fabrication methods and their applications and

DOI: 10.1038/d5ra08490c examine how these platforms are advancing toward integrated readout, actuation, and sensing
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Introduction

Microfluidics encompasses the precise manipulation of fluids
within microscale and nanoscale channels, enabling controlled
chemical and biological processes with minimal reagent
volume. The early development of microfluidics was enabled by
advances in silicon microfabrication, microelectromechanical
systems (MEMS), and microelectronics which later expanded
into various different materials and fabrication platforms.
Microanalytical techniques such as gas-phasechromatography
(GPQ), high-performance liquid chromatography (HPLC), and
capillary electrophoresis (CE) achieve high sensitivity using
minute sample volumes. This drove the evolution toward
compact and versatile microfluidic systems for chemical and
biochemical applications.'?

A growing need for flexible, low-cost, and rapid prototyping
methods emerged?® as the applications of microfluidics further
expanded to include chemical analysis, diagnostics, materials
synthesis, single-cell studies, and microreactors. In response,
polymeric materials, including polydimethylsiloxane (PDMS)
and various thermoplastics, became increasingly prevalent.

Advances in microfabrication have enabled planarized
microfluidic systems. It integrates complex microchannel
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capabilities for a complete lab-on-a-chip system.

networks for miniaturized LOC (lab on a chip) platforms.* The
development of multifunctional lab-on-a-chip systems has been
facilitated with the help of hybrid fabrication techniques, where
glass moulds are integrated with polymer casting or combining
silicon microfabrication with soft materials helps incorporate
embedded sensing, actuation and optical components.®* There
are several easy and affordable alternative fabrication tech-
niques, such as 3D printing," liquid molding,® rapid
manufacturing,® and laser cutters/engravers,” that can be used
to lower fabrication costs and production time. They are
successful in reducing costs and producing minuscule micro/
nanoscale features.® The variety of fabrication methods
employed, materials, and variation of sizes of these microfluidic
devices are shown in Fig. 1. It provides a clearer understanding
of their versatility. The primary determinant of these devices'
overall performance is the substrate on which they are fabri-
cated. Initially, silicon was used as the substrate material in
microfluidics, but today, a variety of materials, including glass,
thermoplastics, hydrogels, and soft polymers, are used. Glass
and silicon, in particular, offer a unique combination of
chemical inertness, thermal stability, optical transparency,
mechanical rigidity, and compatibility with semiconductor-
grade microfabrication® that is not generally achievable only
using polymeric materials.'®"* These materials uniquely enable
semiconductor-grade microfabrication, allowing precise,
reproducible, and scalable device manufacturing that is not
consistently achievable with polymer-based systems. Silicon-
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based materials have been the most standard microfluidic
platform for decades due to their ability to simplify
manufacturing, semiconducting properties and their capability
of easy modification of the surface. The practical use of silicon
limits opacity, which prevents its use in optical detection across
the visible and UV spectra, so alternative materials are required
for applications that account for situ imaging. Also, integration
of functional components such as valves and pumps in silicon
devices is impeded due to their fragility and elevated elastic
moduli. Nevertheless, silicon microfluidic systems are effec-
tively implemented in various biological applications, such as
point-of-care diagnostics and organ-on-chip technology for drug
screening.

In contrast, glass is chemically inert. It is thermally and
electrically insulating, mechanically rigid, biocompatible, and
amenable to surface functionalization. It allows glass-based
microreactors suitable for chemical reactions under
demanding conditions, including high temperatures, pres-
sures, and corrosive environments. Glass microcapillaries
afford micrometer scale resolution, enabling the precision
synthesis of emulsions and nanoparticles.**> Glass offers
substantial benefits compared to silicon with respect to optical
transparency, production cost and the flexibility of integrating
active elements, such as incorporating pumps and valves made
from a variety of materials, where ultrathin glass sheets can act
as active parts. Its transparency supports optical detection,
while its stability allows for effective cleaning with heat or
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Various fabrication processes, materials and length scales of widely used microfluidic devices.

chemicals. Though manufacturing glass microfluidic devices
can be both resource-intensive and costly, often requiring
cleanroom environments. The widespread use of glass in
laboratories and its compatibility with biological samples
further encourage its adoption in microfluidic biochemical
analysis. Glass is a wide material category, including standard
substrates such as soda-lime, borosilicate, and fused quartz.’
Maskless lithography emerged as a cost and time efficient
alternative to conventional photolithography for rapid proto-
typing. In these systems, a focused laser directly patterns the
photoresist which eliminates the need for physical photomasks.
It enables fast design iteration on both silicon and glass
substrates. Similar laser-assisted or lithographic approaches are
also used in soft lithography workflows to fabricate glass-based
master moulds.

Many microfluidic applications require specific surface
modification for wettability, solvent compatibility, and stable
surface condition at elevated operating temperatures. For
instance, polymerase chain reaction (PCR) and nanoparticle
synthesis often demand materials that can hold out against
temperatures exceeding 100 °C and prolonged exposure to
organic solvents. In these kinds of scenarios, glass remains
a preferable substrate as it is able to maintain chemical stability
as well as structural integrity under harsh operating condi-
tions.”® Hybrid silicon-glass devices are mostly employed to
combine the exact channel definition achievable in silicon with
the excellent optical transparency of glass. Silicon and glass

© 2026 The Author(s). Published by the Royal Society of Chemistry
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substrates are bonded using various techniques; for example
anodic bonding architectures produce microfluidic devices
which are optically accessible. In these architectures, silicon
substrates are commonly sealed with glass cover plates. This
bonding strategy yields devices that are highly transparent with
precise channel definition and robust mechanical integrity,
which are well-suited for high-pressure microfluidic operation.
A major part of the industrial and semi commercial
microfluidic platforms relies on silicon and glass substrates
yet there is a notable absence of comprehensive systematic
reviews that directly compare their performance, fabrication
strategies and application tradeoffs.'* Moreover, prior litera-
ture reviews cut out the critical assessment of the impact of
substrate selection on device reproducibility, functionality,
and their adaptability for advanced scientific applications.
This includes droplet microfluidics, high-temperature chem-
ical reactions, and optofluidic system integration."* The
existing literature focuses on broad spectrum fabrication
methods or on polymer-based microfluidic systems. This
literature gap is significant as the recent advancements in
microfluidic technologies are directed towards the domains
that demand enhanced chemical durability, seamless inte-
gration with photonic or electronic components and optical
transparency - areas where silicon and glass substrates
provide significant margins.’® Thus, this review presents
a structured report of commercially and semi-commercially
available microfluidic platforms fabricated from glass,
silicon, and hybrid materials. Firstly, we discuss the common
microfabrication materials. Then the fabrication techniques
are reviewed with emphasis on their practical advantages and
limitations for microfluidic device implementation. The
discussion then examines how material choice and fabrication
strategy influence the key performance metrics, including
dimensional precision, scalability, and system integration.
Finally, the review surveys commercial manufacturing plat-
forms and reported applications, encompassing both
standalone microfluidic devices and integrated systems such
as optofluidic and CMOS (Complementary Metal-Oxide-
Semiconductor)-enabled microfluidic technologies, high-
lighting current trends toward increased integration, auto-
mation and reduced reagent and power consumption.

Fabrication process

The materials used for microfluidic devices determine the
fabrication process; some of these processes are depicted in
Fig. 2 for common materials.

Conventional microfabrication of silicon and glass microfluidic
devices relies on photolithography combined with wet or dry
etching techniques. In this process, the pattern is transferred by
spin-coating a silicon wafer with photoresist, then exposing it to
ultraviolet light through a photomask and developing it. Using
either wet chemical etching or dry plasma etching process, pattern
transfer into the underlying silicon or glass substrate is achieved.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Fabrication process based on different materials used for
microfluidics devices. The diagram specifies bulk and surface micro-
machining for silicon and glass, laser-based etching for glass
substrates, and alternative polymer-based techniques such as hot
embossing and micro molding, showing diversity in methods and
highlighting how material choice influences device design, resolution
and scalability. Adapted with permission from ref. 17. Copyright 2019
Elsevier.

Depending on the etching method and targeted application,
a typical microchannel depth produced using silicon etching
techniques range from approximately, 10 to 300 um. After the
etching is completed, any hardmask layers and residual
photoresist are removed. This is often followed by bonding to
a cover plate to form enclosed microchannels. This sequence
allows highly reproducible fabrication and compatible elec-
tronic integration or subsequent surface functionalization.
Deep reactive ion etching (DRIE) is typically used for silicon
substrates to attain channel depths ranging from tens to several
hundreds of micrometres. Optimised DRIE processes yield
near-vertical sidewalls and dimensional tolerances which are
typically on the order of £1-2 pum across a wafer.'® For opti-
mised DRIE processes, with roughness strongly influenced by
etch cycling parameters and post-processing conditions, side-
wall surface roughness is typically on the order of hundreds
down to tens of nanometers with much slower processes. Glass
microfluidic devices, that are fabricated using methods like
photolithography and wet chemical etching usually achieve
channel depths between approximately, 10 and 100 um.
Channel sidewalls exhibit rounded profiles and lower aspect
ratios than in silicon DRIE due to the isotropic nature of glass
wet etching. However, following the appropriate chemical or
thermal post-treatment, surface roughness can be imporoved to
tens of nanometers. Reactive ion etching of glass to define the
channels has also been employed. Other fabrication approaches
such as laser-based micromachining techniques for glass based
microfluidic devices are widely employed including femto-
second laser etching (LionIX"), femtosecond laser based
selective etching (Femtika’), laser-induced deep etching (LDPE)
from LPKF Laser & Electronics,” and femtosecond laser pro-
cessing by Posalux to achieve more DRIE-like anisotropy. To
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define inlet and outlet ports in glass substrates ultrasonic
drilling is also commonly used in glass substrates.

Fig. 3 illustrates a soft lithography process where the device
is fabricated using a two-step soft lithography process. It begins
with photolithographic patterning of a master mold and fol-
lowed by replica molding of polydimethylsiloxane (PDMS). This
forms a microfluidic layer after which the PDMS prepolymer is
subsequently poured onto the master mold. Then it is degassed
under vacuum to remove all the trapped air bubbles. To achieve
solidification, it is thermally cured for approximately two hours.
To enhance the interfacial adhesion and bond robustness the
PDMS replica is peeled from the mold and using oxygen plasma
treatment it is irreversibly bonded to a flat substrate after curing
by moderate thermal treatment typically 70-90 degree Celsius.
Several commercial microfluidic technology providers offer
partially or fully integrated platforms including PDMS based
chips. For instance, to achieve precise flow regulation and study
droplet generation, microfluidic devices from companies like
Elveflow and Fluigent specialise in pressure-based flow control
systems and microfluidic instrumentation that have been
used.”?*>?® For pressure-driven and electrokinetic flow control,
supporting flexible system-level integration, LabSmith offers
modular microfluidic components.** Darwin Microfluidics
provides access to silicon- and glass-based microfabrication
services and master moulds, enabling integration with external
fluidic and sensing components.*>*® In addition, pFluidix and
related platforms provide PDMS-based microfluidic devices and
accessories, including droplet-based analytical systems such as
droplet sequencing technologies.*” Owing to their low cost and
design flexibility, polymer based microfluidic devices are widely
used and are not limited to planar fabrication.”® Micromolding,
casting, injection molding, hot embossing such replication-
based techniques are mainly employed for thermoplastic
materials.
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Fig. 3 Stepwise illustration of soft lithography process for microfluidic
device fabrication. The diagram outlines photolithographic mold
creation using silicon wafers, UV exposure for pattern transfer, PDMS
casting into the mold, and subsequent plasma bonding to form
enclosed microchannels, which enables rapid prototyping and fabri-
cation of flexible microfluidic devices with high-resolution features.
Adapted with permission from ref. 29 and 30. Copyright 2013 Humana
Press.
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Fig. 4 illustrates the injection process which involves
injecting the material into preprepared molds that are then cast
into the desired shape. In this instance, the molds are fabri-
cated beforehand and equipped with aligners to ensure that the
top and bottom have the proper alignment; otherwise, the
device construction would be misaligned. After the PDMS
material is injected within the mold, the newly formed device is
encapsulated and held firmly to prevent any fluid from escaping
before the PDMS is injected inside and allowed to set. After that,
it is removed from the molds and bonded to the glass to cover
the channels. Similar to injection molding, hot embossing
employs a prefabricated mold that is pressed into a heated
thermoplastic substrate to transfer microchannel features.
Fig. 5 shows the hot embossing fabrication process, where
a rigid mold usually fabricated from steel, nickel, or silicon is
pressed into a thermoplastic substrate under controlled
temperature and pressure to replicate all the features of the
microchannel. In this procedure cyclic olefin polymer (COP)
substrates are normally employed due to their chemical resis-
tance and optical transparency. After embossing, the patterned
COP substrate is bonded to a COP cover layer to enclose the
microfluidic channels and form a sealed device.

Alternative approaches, such as additive manufacturing and
paper-based microfluidics, have been explored for rapid proto-
typing and low-volume production of these devices. 3D printing
is an additive fabrication technique where the structures are
generated layer by layer from a digital CAD (computer-aided
design) model wusing thermoplastic filaments or

i
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Fig. 4 A brief description of the injection molding process used to
mass-produce thermoplastic microfluidic devices. The figure shows
molten polymer being injected into prefabricated molds to replicate
the microchannel features, followed by cooling and demolding, ideal
for producing multilayered microfluidic systems with complex
geometries. Adapted with permission from ref. 31. Copyright 2016
Royal Society of Chemistry.
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Fig. 5 Illustration of the hot embossing process of thermoplastic
microfluidic device fabrication. A silicon-based mold with micro-
channel features is heated and pressed against a cyclic olefin polymer
(COP) substrate to transfer the pattern. The bonded COP layers form
enclosed channels, enabling durable and chemically resistant devices.
Adapted with permission from ref. 32. Copyright 2008 IEEE NEMS.

photosensitive resins. Though 3D printing offers design flexi-
bility, it comes with a provision of lower feature resolution and
higher surface roughness compared to ideal lithography-based
methods. On the other hand, for low-cost diagnostic applica-
tions, paper-based microfluidics are primarily used, which
relies on capillary-driven fluid transport within patterned
porous substrates. Several key material properties relevant to
microfluidic device performance are summarized in Table 1.
Polymer-based materials, including thermoplastics and poly-
dimethylsiloxane (PDMS), are widely used due to their low cost,
ease of replication, and ability to form complex geometries.
These include several transparent thermoplastic materials
including polymethyl methacrylate (PMMA), polystyrene (PS),
polycarbonate (PC), cyclic olefin polymer (COP), and cyclic
olefin copolymer (COC), commercially known as Zeonor and
Topas. Among these materials, Zeonor and Topas exhibit
optical clarity and low autofluorescence, making them suitable
for optofluidic applications. As summarized in Table 2, glass is
a resilient alternative to polymers even at temperatures above
100 °C when exposed to organic solvents, as in the application
of nanoparticle synthesis.*® Thermoplastics can perform simi-
larly to glass in applications requiring intricate microchannel
geometries. Although fabrication constraints such as mould
complexity, material flow behaviour, thermal shrinkage, and
achievable aspect ratios impose limitations in injection-
moulded devices. As a result, instead of using traditional
planar manufacturing techniques and bonding layers to finish
the device, they are occasionally manufactured in complex 3D
structures.

© 2026 The Author(s). Published by the Royal Society of Chemistry

Table 1 Overview of the materials for microfluidic devices. Adapted with permission from ref. 28. Copyright 2013 Accounts of Chemical Research
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Table 2 Comparison between thermoplastics and glass. Adapted with permission from ref. 34. Copyright 2013 American Chemical Society

Optics Standard thermoplastics Glass
Transparency Good Good
Autofluorescence Low (the right polymer Low

Application in the UV region

Surface roughness
Thermal stability

Stability against organic solvents

Stability against standard solvents in life

sciences
Stability against basic solutions
Stability against acidic solutions

Unspecific binding of biological components

choice is important)

In near UV, special polymers
are available

Can be optically smooth
Depending on the polymer
choice, 100 °C is possible
Limited

Polymers available

High

High

Polymers with low unspecific
binding are available, and surface

Quartz glass needs to be chosen

Depending on technology
Approximately 600 °C transition
to the liquid phase

High

High

Medium

High

High, surface functionalization
to avoid the issue available

functionalization to avoid the issue is available

The chemical compatibility varies significantly depending
on the polymer and the reagents employed despite the versa-
tility that thermoplastics offers. Table 3 summarizes the
compatibility of common thermoplastics with frequently used
microfluidic reagents, highlighting that no single polymer is
universally suitable for all applications. Material selection must
be guided by application-specific requirements rather than
fabrication convenience alone.

Here, we reviewed commercially available companies and
the work done using those devices. They are sectioned on the
basis of different commertially available techniques, labeled

and emphasized with the fabrication technique they alone or
the user has employed using their unit to provide an overview of
the flexibility. Table 4 summarises the key fabrication metrics,
including their feature resolution, surface roughness, achiev-
able aspect ratio, and reproducibility, which address the critical
fabrication considerations highlighted in this review.

Device performance is inherently design-dependent, and
the selection of fabrication methods is often guided not only
by cost and resolution but also by application-specific
requirements such as pressure tolerance, chemical compati-
bility, optical access, and integration with sensing or actuation

Table 3 Chemical compatibility of common thermoplastics (S denotes a chemical that is suitable for thermoplastics, whereas NS does not suit
a specific thermoplastic, and X denotes data not available). Adapted with permission from ref. 35. Copyright Microfluidic ChipShop

Thermoplastic
Polymethylmethacrylate Polystyrene Cyclo-olefin polymer (Zeonor), Polycarbonate
Chemicals (PMMA) (PS) Cyclo-olefin-copolymer (Topas) (PC)
Acids and bases NS (concentrated) S (organic) X S (diluted acid)
& NS (bases)
Alcohols NS X X S
Aldehydes S X X NS
Amines S X X NS
Aqueous solution S X S X
Aromatics NS X X NS
Butyl alcohol X S X
Esters NS NS X NS
Ethers X NS X X
Ethylene glycol X S X X
Halogenated hydrocarbons NS NS NS X
Halogenated organic reagents X NS X X
Hydrogen oxide X S X X
Ketones NS NS X NS
Mineral oil X S NS X
Nonpolar solvents X X NS X
Oils & fats S X NS S
Polar solvents X X S X
Silicone oils X X S X

12668 | RSC Adv, 2026, 16, 12663-1268]1
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Table4 Summary of fabrication metrics for representative microfluidic manufacturing techniques across silicon, glass, PDMS, and thermoplastic

substrates. The data are summarized from literature sources.®1819:26-2832

Substrate &
fabrication method Feature resolution

Surface roughness (R,) Aspect ratio

Processing rate  Reproducibility ~Limitations

Silicon: DRIE 250 nm minimum =13 nm sidewall

160 :1 (high-aspect

~5-6.6 um min " Sidewalls etch  Scallops/roughness

(Bosch) trench width roughness structures shown) etch depth lag < 1.5% depend on recipe
Glass: Minimum mask  Ra = 5 nm (HF-etched Limited by isotropic Etch rate ~3 Thickness Rounded profiles
photolithography + line transfer: 5 um glass) etching (~2:1) pm min " control =5 pm  due to isotropy
wet etching reported
Glass: SLE — ~200 nm RMS Depth/width ratios 820 um h™'etch — Slow serial process,
(selective laser up to ~100-1000:1 volume removal equipment cost
etching)
Glass: laser ablation =10 pm widths 178.7-1028.3 nm at  Up to ~7:1 (by wall — Rough walls: post-
(direct) demonstrated different pulse taper constraint) processing needed
conditions

PDMS: soft Replica example ~ Ra = 200 nm (replica) Achievable ~7:1 SLA mold step Example spacing Swelling, solvent
lithography channel 44 um ~<40 min 117 £ 1.3 pm issues
Thermoplastics: hot Embossed width ~ — AR up to ~10:1 ~1.5mms* RSD 2.8-4.3%  Tooling cost & mold
embossing 51.1 pm, depth embossing speed (dim accuracy) fidelity

37.4 pm

components. From a tooling and cost perspective, fabrication
approaches differ substantially in their infrastructure
requirements and scalability. Silicon-based processes such as
deep reactive ion etching (DRIE) require access to photoli-
thography equipment in combination with plasma etching
systems and post-etch stripping processes, resulting in higher
capital and operational costs compared to wet-etched glass
processes, which can often be implemented using standard
wet benches and photolithography tools. Selective laser
etching (SLE) of glass similarly relies on wet chemical etching
but additionally requires specialized ultrafast laser systems,
which substantially increases equipment cost. In contrast,
direct laser ablation can be performed using comparatively
lower-cost laser systems, although achievable feature quality
and surface roughness are typically inferior and often require
post-processing. Soft lithography represents a lower cost
alternative for rapid prototyping. It primarily relies on
photolithographic mold fabrication followed by replica
molding with fewer downstream processing steps. The cost of
lithography tools widely varies with resolution, throughput,
and substrate size. While high-end stepper-based systems are
generally unnecessary for typical channel dimensions,
benchtop or contact lithography systems offer enough preci-
sion for most microfluidic applications. Replication-based
methods such as injection molding and hot embossing
exhibit relatively low per-unit cost once molds are established,
although initial tooling costs are high and design changes are
less flexible. Additive manufacturing techniques, including 3D
printing, present the lowest barrier to entry in terms of startup
cost and design iteration, but their scalability and surface
quality remain inferior to molding-based approaches for large-
volume production. Polymer-based microfluidic devices are
generally more suitable for low-cost disposable use, whereas
glass- and silicon-based devices favour reusabilty due to their
superior chemical and thermal durability, at the expense of

© 2026 The Author(s). Published by the Royal Society of Chemistry

higher replacement cost and longer fabrication turnaround in
the event of device failure.?®

Manufacturer of microfluidic devices for commercial use

Commercial microfluidic platforms differ substantially in
material selection, fabrication strategy and the domain of their
intended application. The following sections analyses how
design choices can reflect targeted performance requirements.
Pressure tolerance, chemical resistance, integration capability,
and manufacturing scalability are analyzed.

Lamination, soft lithography, laser cutting, 3D printing

Aline provides various microfluidic devices employing a variety of
materials, including silicon and glass. The Aline device has been
utilized by researchers to separate cancer cells into individual
cells.* This device consists of seven layers, with polyethylene
terephthalate (PET) having its channel laser cut. The layers were
then aligned and fused via a lamination technique that used
pressure and adhesive. The apparatus is depicted in Fig. 6(a),
with the channels constricted to prevent cancer cells from
aggregating. The technology was from Aline, which is based on
the soft lithography process.*® They created molds via a silicon-
based photolithography process and used PDMS for the
devices. This PDMS-based apparatus is used to make nanowell
arrays, which are then utilised in cell assays based on mammals.
A different team manufactured a multilayer device with channels
on PET laser etched and on PMMA drilled with CNC.*”

The components were then joined via a lamination tech-
nique, as shown in Fig. 6(b). This apparatus served as a reagent
dispenser for tests. Another team used a system comprising
PMMA, PET, and PDMS to store hydrated samples in a dry state
when needed, then retrieve them from the storage area.’®
Fig. 6(c) shows the multilayer nature of the device. A summary
of some of the articles utilizing Aline devices for microfluidic
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Fig. 6 Examples of microfluidic devices developed by Aline Inc., USA. (a) Multilayer PET device for single cancer cell analysis with laser-cut
channels. (b) PMMA-PET multilayer reagent dispenser fabricated via CNC drilling and lamination. (c): Hybrid system for dry sample prevention
using PMMA, PET and PDMS layers, which demonstrates the expertise in customized microfluidic solutions Aline has for biomedical research.
Adapted with permission from ref. 36, 37 and 38. Copyright 2013, 2015 Royal Society of Chemistry, Copyright 2013 SLAS Technology.

applications is displayed in the table above. From a design
perspective, Aline's use of multilayer PET and PMMA architec-
ture reflects a strategy optimized for rapid customization, low-
cost fabrication, and application-specific functionality. Laser
cutting, CNC drilling, and lamination enable fast design itera-
tion and are well suited for biomedical workflows such as
reagent dispensing and single-cell handling. However,
compared to glass- or silicon-based platforms, these polymer
systems may exhibit reduced chemical resistance and long-term
dimensional stability, particularly under aggressive solvents or
elevated temperatures. As a result, such platforms are best
suited for short-to medium-term experimental use rather than
high-pressure or chemically demanding application.

In many of the reported applications, the devices are effec-
tively disposable, either due to biofouling, surface functionali-
zation constraints, or cross-contamination risks, such that
limited operational lifetime does not constitute a critical
drawback.

As the targeted use case such as benchtop biological assays,
proof-of-concept studies, and low-pressure microfluidic opera-
tions do not impose stringent requirements for chemical
resistance or sustained high-pressure performance, the

12670 | RSC Adv, 2026, 16, 12663-12681

transitioning to alternative fabrication routes based on glass or
silicon would offer marginal functional benefit while signifi-
cantly increasing fabrication complexity, cost, and turnaround
time.

Company Fabrication Fabrication
name Country  materials process Applications
Aline California, Polyethylene  Laser Single cancer
Us terephthalate cell analysis®”
(PET)
PDMS & silicon Soft lithography Cell assay*’
wafer
Glass, PET, CNC drillon  Reagent

PMMA, and PMMA and dispensing
polyurethane laser etch on  system for

tape PET assays™”
PDMS, PMMA4, 3D printing and To store the
and PET LASER sample in

a dry state’®

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Wet etching

Wet etching of glass to produce microfluidics is widely used
method. For example, Dolomite offers standard microfluidic
structures for encapsulating Active Pharmaceutical Ingredient
(API) in polylactic-co-glycolic acid (PGLA) particles using single
or double emulsions, and porous media. The primary mate-
rials of choice for microfluidic devices are glass-based mate-
rials. Using one of their devices, researchers generated
droplets for the purpose of RNA sequencing of human dental
pulp stem cells and periodontal ligament stem cells.*
However, specific details regarding the fabrication of the glass-
based devices were not provided. A different team subse-
quently produced Repaglinide (Rp) nanocrystals via a glass-
based droplet generator, which helped the poor by assisting
water-soluble drugs.*” Next, via mechanical phenotyping for
cell sorting, a group employed a glass-based chip,* which is
depicted in Fig. 7(a). As shown in the figure, mechanical pro-
totyping was carried out with the use of optics, with the laser
pointing in the direction of the channel from both sides. The
production of droplets at a cross junction, as well as the
development of jetting to dripping and back to jetting, is
shown in Fig. 7(b) and was subsequently investigated by
another team of university researchers with similar interests.*®
Similarly, various research groups used glass-based materials
from Dolomite Microfluidics, as tabulated below. These
methods allow researchers to conduct reproducible experi-
ments without the expense and lead time of custom fabrica-
tion. The availability of off-the-shelf geometries and
compatible instrumentation further reduces system integra-
tion effort and overall project cost. There are alternative
fabrication routes which can be adapted based on the
emphasized design priorities whether it is manufacturing
scalability and disposability (thermoplastics), fast prototyping
(PDMS), or maximum robustness (all-glass/silicon-glass) as
each route optimizes a different constraint set.
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Fig. 7 Glass-based microfluidic devices fabricated by Dolomite
Microfluidics, UK. (a) Chip used for mechanical phenotyping in single
cell sorting with integrated optics. (b) Droplet generation at a micro-
fluidic cross junction demonstrating jetting—dripping transitions,
illustrating Dolomite’s contribution to high-precision droplet genera-
tion and cell analysis. Adapted with permission from ref. 39 and 40.
Copyright 2015 Royal Society of Chemistry, Copyright 2019 Springer
Nature.

via femtosecond lasers. In biomedicine, photonics, micro-
mechanics, and micro-optics, the fabrication of devices
involves multiple steps. Initially, they employed the 3D laser
lithography method; then, they performed precision cutting,
microdrilling, and surface structuring/ablation for the func-
tionalized surfaces. Next, there is selective glass etching (SLE)
which is used in micromechanics, micro robotics, and
microfluidics. Researchers have investigated the insertion of
a mechanical valve inside microfluidic channels via the SLE
technique® as shown in Fig. 8(a), the SLE approach was used
to produce three-dimensional microfluidic architectures
within glass substrates which is challenging to achieve with
conventional planar lithography. Though it comes at the
expense of higher equipment cost and lower throughput
relative to moulding-based approaches, these competencies
particularly priced for integrated valves, organ-on-chip
systems and optofluidic devics.

Company Fabrication Fabrication Company Fabrication Fabrication
name Country materials  process Applications name Country materials process Applications
Dolomite Royston, Glass NA RNA sequencing®! Femtika Vilnius, Glass Laser Using additive
microfluidics UK Glass NA Repaglinide (Rp) Lithuania subtraction  manufacturing
nanocrystals were and printing techniques to add
created*? mechanical
Glass Wet etching Single-cell sorting®® valves®
Glass NA The flow Amorphous UV- Femtosecond Organ on a chip
characteristics of the grade fused laser-based  (liver)**

formation of
a droplet is studied*’

Femtosecond laser-based selective etching (SLE), multiphoton
polymerization (MPP), 3D lasers lithography

Femtosecond laser-based selective etching (FLSE) micro-
fluidics fabrication methods uses ultrafast laser pulses to
precisely modify substrate at the microscale. Commercially
available Femtika works in 3D microstructure manufacturing

© 2026 The Author(s). Published by the Royal Society of Chemistry

silica (UVFS)/  selective laser

glass etching

PDMS and Soft Organ on a chip
photopolymer  lithography ~ with membrane*®
$720280 and Femto

photoresist as  laser-based

membrane SEI

Glass Femtosecond Tesla Valve®®

laser-based
selective laser
etching

RSC Adv, 2026, 16, 12663-12681 | 12671


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra08490c

Open Access Article. Published on 06 March 2026. Downloaded on 6/12/2026 5:22:30 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

(a)

DLW SETUP
(with F- Theta
Lens)

(b)

Subtractive Micromachining

= !Alcrochgnmls
~ & -

Additive Micromachining

Glass

DLW SETUP
(with Objective
Microscope)

(L] (0]

View Article Online

Review

Fig. 8 Microfluidic devices fabricated using femtosecond laser technologies by Femtika, Lithuania. (a) Integration of mechanical valves in glass
channels using selective laser etching (SLE). (b) Liver-on-a-chip devices were created with combined laser glass microprocessing. (c) PDMS-
based organ-on-a-chip with embedded nanomembranes fabricated via multiphoton polymerization. (d) Tesla valve structure etched into glass.
These approaches highlight the versatility of femtosecond lasers for complex 3D microfluidics. Adapted with permission from ref. 20, 43, 44 and
45. Copyright 2022, 2020 MDPI, Copyright 2022 Hindawi (published by Wiley).

(a) ®) (©)

Fig. 9 Polymer-based microfluidic devices fabricated by FlowJEM,
Canada. The schematic shows (a) a PDMS-based single-cell RNA
sequencing device created using soft lithography, (b) thermoplastic
microstructures formed via hot embossing and spark-assisted
chemical engraving (SACE). These platforms enable applications from
single-cell analysis to microfluidic profile optimization. Adapted with
permission from ref. 46. Copyright 2017 MDPI.

Soft lithography (PDMS), hot embossing (thermoplastics), and
spark-assisted chemical engraving (SACE) for glass molds

Polymer based microfluidic devices can be fabricated using soft
lithography, hot embossing, or other engraving methods that
translated into commercial technologies. For example, Flow]JEM

12672 | RSC Adv, 2026, 16, 12663-12681

Polymer Microfluidic Technology uses polymers as substrates
for a wide range of device fabrication using thermoplastic
materials and PDMS, and prebuilt designs such as Drop-seq
and FlowSpec for different applications. As shown in Fig. 9a,
to better understand the anticancer behavior of immune cells,
a team of researchers created droplets containing single-cell
RNA via Drop-seq technology.” In this work, SU-8 patterned
silicon master molds were employed within a soft lithography
workflow to generate PDMS replicas, which subsequently served
as embossing tools for thermoplastic microchannel fabrication.
Building on this established approach, the authors demon-
strated a one-step hot embossing strategy to produce three-
dimensional thermoplastic microfluidic structures with inte-
grated, controllable microfeatures. As shown in Fig. 9b,
a similar fabrication philosophy was adopted by another group,
who likewise utilized hot embossing following mold imprinting
to construct thermoplastic microfluidic devices.*® In that case,
glass molds were fabricated using Posalux's spark-assisted
chemical engraving (SACE) technique prior to embossing.*®
The fabrication methods, substrate materials, and representa-
tive applications of these devices are summarized in the table
below.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Company Fabrication Fabrication
name Country materials process Applications
FlowJEM Ontario, PDMS and Soft lithography  Single-cell
Canada silicon and RNA-
photolithography sequencing
for master mold identifies anti-
cancer
immune
phenotypes in
the early lung
metastatic
niche during
breast
cancer®’
Thermoplastics Thermoplastics ~ Microfluidic
(polycarbonate, and imprint analysis*®
cycloolefin templates were
copolymer and produced by
polystyrene) FlowJEM
and imprint
(glass)
Thermoplastics Imprint Different
(polycarbonate, production using embossing
cycloolefin sparks assisted =~ material
copolymer and chemical studies and
polystyrene)  engraving (SAC) conditions*®
and imprint
(glass)

The reflection of this hybrid approach of soft lithography
and thermoplastic embossing balances design flexibility with
improved manufacturability, which is particularly attractive for
academic prototyping transitioning toward small-scale
production.

Silicon polymer and glass hybrid layered fabrication

Microfluidic devices can be fabricated using hybrid-layer soft
lithography and etching to achieve precise and application-
specific microstructures. Gesim manufactures microfluidic
devices and bio-instruments. Researchers utilized the platform
to investigate the effect of a narrowed downstream channel on
the formation of non-Newtonian (xanthan-based) droplets at
a T-junction.” Owing to the interest of the chemical and food
processing industries in non-Newtonian droplets, this study
was conducted as seen in Fig. 10(a), they did it by using a silicon
wafer to create the master mold and then a PDMS material for
the soft lithography process.*® Another research group aimed to
make channels through which the cells might be suspended in
a homogenous acoustic fluid and subsequently separated
according to the acoustic contrast.** For this purpose, they used
DRIE to build the channel in silicon, which was subsequently
anodically bonded to the glass on both the top and bottom. A
divergent team of scientists designed microfluidic channels
with internal separation bars to divide the bubbles produced
during the electrophoresis procedure.*® Here, a silicon wafer
was used to construct the mold, which was then covered with
a thermoplastic PC before the PDMS was poured into the mold
to transfer the design. After the design is transferred, the silicon

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 10 Illustration of microfluidic systems fabricated using master
mold and multi-layer design by GESim, Germany. (a) Silicon-PDMS
devices designed for studying non-Newtonian droplet flow at a T-
junction. (b) An electrophoresis microchip featuring internal separation
bars for bubble segregation, constructed using polycarbonate, PDMS,
and glass layers, highlighting GESim's expertise in soft lithography and
hybrid material integration. Adapted with permission from ref. 49 and
52. Copyright (1994 — Present) American Institute of Physics, Copy-
right 2011 Royal Society of Chemistry.

mold is removed, NaCl salt is added, an electrode-plated glass
slide is affixed, and finally, the NaCl is removed to form the
hollow channel inside the PDMS layer, as shown in Fig. 10(b).
GESim's hybrid silicon-glass-polymer workflows demonstrate
how traditional MEMS fabrication can be extended to accom-

modate  multiphase and  electrokinetic = microfluidic

applications.”

Company Fabrication Fabrication

name Country  materials process Applications

GeSim Radeberg, Silicon and Master mold on  Study of the

Germany PDMS silicon using non-
photolithography Newtonian
and then soft droplet flow
lithography in the
using PDMS channel*
Silicon and Silicon etched Separation of

glass using DRIE cells using
acoustic
fluid®*

Three layers:  Soft lithography Electropho

polycarbonate, resis®

PDMS and

glass
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Micro milling (PMMA mold), soft lithography (PDMS), laser
etching (ITO glass), lamination

Polymer micro-milling, soft lithography combined with glass
laser etching can collectively enable rapid, scalable prototyping
that can translate into commercial microfluidic fabrication.
HiComp Microtech has microfluidic devices fabricated using
polymer-based workflows.

In one study, PVA droplets were produced for microemboli
modeling by crosslinking PVA with glutaraldehyde present in the
oil phase at 38 °C, enabling droplet solidification.”® The device
master mold was fabricated from PMMA using micromilling,
followed by pattern transfer through PDMS soft lithography.

View Article Online
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for immunoassay and fluorescence signal detection.”® The
structured PMMA layer, supplied by HiComp Microtech, was
sealed with a PET membrane to complete the device assembly.
Fig. 11b shows, in another study, dielectrophoresis was used to
recover cell-free plasma, utilizing an ITO-coated glass substrate
with laser-patterned electrodes fabricated by HiComp Micro-
tech.> This platform combined a double-sided adhesive
microfluidic layer with an acrylic top plate containing fluidic
ports.

More recently, SU-8-patterned silicon master molds and
PDMS soft lithography were used to fabricate flow-focusing
devices for lentivirus droplet generation and subsequent
target cell sorting.*¢

Company name Country Fabrication materials Fabrication process Applications
HiComp California, US/Suzhou, PMMA and PDMS PMMA Embolization
microfluidic China (master mold) etched using treatment’”
innovated/ micromilling and PDMS
HiComp through soft lithography
Microtech PMMA and PET NA Immunoassay’>
PMMA, ITO glass, and Pulse laser to etch the ITO Dielectrophoretic®*
adhesive tape glass to form electrodes, and
lamination microfabrication
PDMS and glass Soft lithography Droplet
generation

As shown in Fig. 11a, in subsequent work, a PMMA-based
microfluidic device incorporating an S-shaped channel, probe
reaction zone, detection area, and waste reservoir was employed
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Fig. 11 Microfluidic devices developed by HiComp Microtech, USA
and China. (a) PMMA-based devices for immunoassays, featuring S-
shaped channels and PET membranes for sample detection. (b) Di-
electrophoretic microchip with ITO glass electrodes for cell-free
plasma extraction, which demonstrates HiComp's expertise in MEMS
and microfluidics. Adapted with permission from ref. 53 and 54.
Copyright 2022 MDPI.
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and sorting™®

Silicon-glass hybrid microfluidics: wet etching, LPCVD
deposition, femtosecond laser etching

Silicon and glass hybrid microfluidics usually utilizes silicon
microfluidic structures with transparent glass substrates to
enable optical accessibility lab-on-chip devices. LionIX Inter-
national's work involves the integration of photonics in many
applications, such as microfluidics/optofluidics. For example,
to perform the immunoassay necessary to detect organic
material on Mars, researchers have developped an optofluidic
channel for the ExoMars expedition.”” As shown in Fig. 12(a),
they were divided into two pieces. The fluidic channels and
chambers are composed of fused silica in the top two layers. The
bottom one is a silicon channel that contains the waveguides,
and the Viton seal, which serves as a gasket seal, is used to
attach the two. The silicon nitride waveguides were placed atop
the oxidized silicon wafer and subsequently etched to create the
desired structures. On the other hand, the polysilicon generated
by (Low-Pressure Chemical Vapor Deposition) LPCVD is
employed as a mask for the fused silica that is wet etched using
the HF solution. Next, a different group employed LionIX's
unique manufacturing method, TriPleX, as a waveguide.*® To
find cancer cells in blood, this waveguide is combined with
a disposable microfluidic cartridge. Here, an array of six
asymmetric Mach-Zehnder Interferometer (aMZI) waveguides
is employed to detect the change in the phase of the output
signal. Another group synthesized gold nanoparticles (AuNPs)
via droplet microreactors, which were discovered via ultraviolet/
visible spectroscopy.® They employed waveguides for this
purpose, and Fig. 12(b) depicts the entire production process.
The bottom half of the microfluidic channel was wet etched on
the deposited silicon dioxide after the waveguide was first made

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 12 Schematics of the optofluidic microfluidic platforms fabri-
cated by LionlX International, Netherlands. (a) ExoMars lab-on-a-chip
device integrating fused silica fluidic channels and silicon nitride
waveguides for life detection assays. (b) Droplet microreactor with UV/
Vi's spectroscopy for nanoparticle synthesis. Adapted with permission
from ref. 57 and 59. Copyright 2013 Royal Society of Chemistry,
Copyright 2011 SPIE Digital Library.

with silicon nitride. The other silicon dioxide layer is then
etched into the upper half, and the two layers are joined to
create a fluidic channel. Another group used a commercially
available (model D8-LIF from LionIX BV) lab-on-a-chip made
from fused silica and integrated the waveguides that were
manufactured by glass etched directly via a femtosecond laser.*

Company Fabrication Fabrication
name Country materials process Applications
LionIX Enschede, Fused silica, Wet etched Immunoassay
International Netherlands silicon, and to detect the
silicon organic matter
nitride on Mars®’
Silicon and  Microfluidic Cancer cell
silicon channels are detection®®
nitride created on
silicon, which
have

deposition of
silicon nitride

by LPCVD
Fused silica Wet etching, Microreactors
and silicon  dry etching  process
nitride (RIE) and analysis®
LPCVD

Femtosecond Lab on
laser etching a chip"’

Fused silica

Microinjection molding and precision micromilling

Microinjection molding and precision micromilling can
enable the rapid fabrication of microfluidic features on

© 2026 The Author(s). Published by the Royal Society of Chemistry
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various substrates. Microfluidic ChipShop produces 3D
microfluidic devices from thermoplastic polymers. As shown
in Fig. 13(a), researchers sought to purify a DNA sample via
magnetic particles in a microfluidic chip.® The chips installed
within the apparatus regulate both the device's temperature
and the magnetic particles used for purification. The chip with
the channel and the magnetic particles inside it is visible on
the right side. A cyclic olefin polymer (COP) is used in the
fabrication of the device. The HepaChip Microplate is the
name of a microplate made by another group.** This system
has an automated dielectrophoretic system for separation and
holds 24 of them in one device. Cyclic olefin polymer (COP)
materials were used in the manufacturing of these chips,
which are depicted in Fig. 13(b). The microinjection process
method was used to produce the three-dimensional structure
of the microfluidic device. Ultraprecision micromilling was
used to build the mold, and with the use of a shadow mask,
platinum and gold evaporated to form electrodes. A different
group developed compounds with other compounds, such as
benzoalphapyrene (BaP) and aflatoxin B1 (AFB1). Here, they
used cyclic olefin polymer (COP) material to develop an organ-
on-a-chip because of the flexibility of fabricating complex
geometries, such as the vertical diffusion barriers needed to
mimic an organ. A different team subsequently employed
a microfluidic system with many well plates to analyze an
organ-on-a-chip (kidney) to investigate the toxicity of drug
metabolites in the kidney.®> The goal of this study was to
investigate the toxicity, biotransformation, and interactions of
these cells.®® Using Topas material and microinjection

Fig.13 Thermoplastic-based microfluidic devices by Microfluidic chip
shop, Germany. (a) DNA purification chips using magnetic particle
separation and temperature regulation. (b) HepaChip microplate with
automated dielectrophoretic systems for liver coculture models,
which highlights the capabilities of precision micro milling and
microinjection molding in commercial microfluidics. Adapted with
permission from ref. 60 and 61. Copyright 2016 Elsevier, Copyright
2020 Royal Society of Chemistry.
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molding, they created a microfluidic device. As in the
preceding group, the electrodes are transferred to the device
via the shadow mask after being produced on the mold.
Injection molding of thermoplastic materials such as cyclic
olefin polymers (COP) enables scalable production of complex
three-dimensional microfluidic devices, although it imposes
design constraints related to mold complexity and tooling
cost.

Company Fabrication Fabrication
name Country materials  process Applications
Microfluidic Jena, Cyclic olefin NA DNA purification
chip shop  Germany polymer process®
(cop)
Cyclic olefin Micro injection Dielectrophoretic®!
polymer molding
(Cop) process
Cyclic olefin NA Organ on a chip®
polymer
(cop)
Cyclic olefin Microinjection Cell analysis®®
copolymer molding
(CoC) process

(a)

(b)

-»‘ = ‘

Spin-coat Photoresist

Glass Substrate Etch Mask Deposition

P

Strip photoresist
and etch mask

Dry/Wet etch to form
fluidic features in glass

Develop resist(open
pattern in metal)

Bonded to cover glass

Fig. 14 (a) Schematics of microfabrication capabilities at Teledyne
Micralyne, including (i) multilevel silicon and glass processing, (ii) SOI
processing for channel depth uniformity, (iii and iv) integration of glass
or silicon ports, (v) electrode patterning for dielectrophoresis and (vi)
embedded sensors, and full silicon processing. (b) Fabrication work-
flow of glass-based microfluidic devices, starting with a glass
substrate, followed by etch mask deposition, photoresist coating, and
patterning, dry/wet etching of channels, mask stripping, and final
bonding to cover glass.
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UV-lithography mask, wet/dry etching, fusion bonding, UV-
LIGA

Glass-glass and glass-silicon microfluidics that leverages wet
and dry etching techniques can create high-precision micro-
fluidic features for various microfluidic applications. Teledyne
Micralyne, which specialises in MEMS and microfluidic device
manufacturing using glass, silicon, and hybrid materials, has
glass—glass, silicon-glass, silicon-silicon and SOI-glass micro-
fabrication process for microfluidic device fabrication as shown
in Fig. 14. The fabrication method follows the standard photo-
lithography process, followed by stripping of both the photoresist
and the metal mask, and the etched substrate aligned and ther-
mally bonded to a cover glass to form enclosed microchannels.
Researchers applied it to investigate the impact of the aspect ratio
on the internal flow velocity in passive microfluidic mixers and
valves via microparticle image velocimetry (micro-PIV).* It was
later used to compare the mixing efficiencies of various geome-
tries under pulsatile versus steady flow conditions. Researchers
employed a similar chip design to perform continuous di-
electrophoretic separation of yeast cells using non-uniform
electric fields.*

Silicon microfluidics and CMOS integration

Silicon and CMOS-integrated microfluidics can integrate
microelectronics with fluid handling on-chip to enable compact
lab-on-a-chip. Xfab specializes in semiconductor technology for
analogue and mixed-signal applications. It includes the
production of MEMS-based devices, where a complementary
metal-oxide-semiconductor (CMOS) is used, and microfluidic
device products integrated with CMOSs. CMOS is where the
electronic components needed to control and sense the MEMS
devices that are accommodated. This CMOS is preferred
because it consumes less power and space than traditional
electronic circuits do. Nearly all of the earlier microfluidic
devices without an electrode contained only fluidic controlling
and sensing components, whereas when an electrode is added,
such as in Dielectrophoresis or electrophoresis, or even just for
the purpose of sensing the fluid itself, a significant additional
electricalcomponent is needed. A microfluidic device with
CMOS integrated directly eliminates the need for extra electrical
components, which is the desired future, and silicon and glass
are easy to integrate with them. For this reason, we have focused
on examining several publications that employ silicon or glass
as the primary component of commercially purchased micro-
fluidic devices. There are several papers that have used devices
from Xfab. Italian scientists have employed a lab-on-a-chip
microfluidic device based on CMOS technology to analyze
DNA.* The enzyme Telomerase, which maintains the length of
Telomeres, was the one they were trying to measure. This silicon
device features CMOS circuitry that combines temperature
control systems, readout and apparent diffusion coefficient
(ADC) circuitry, a telomerase biosensor, and other features. An
additional study comes from the Xfab foundry, where
researchers worked on adhesive wafer bonding using dry film
resist (DFR).*” The DFR serves as both an adhesive to hold the
top glass cap, which has fluidic channel ports, and the bottom

© 2026 The Author(s). Published by the Royal Society of Chemistry
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(b)

NUS ECE

Access to
CMOS Bondpads
Glass-cap with \/ /VV\\\\ i Galinstan
fluidport: e W, . e o
oo o Ani injection

Dry-film resist
(DFR)
with microfluidic
structures

CMOS with
electrodes/sensors
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COB embedded PDMS poured on mastermold,

cured and peeled off

Fig. 15 Silicon and PDMS-based microfluidic devices developed by XFab, Germany. (a) CMOS integrated lab-on-a-chip device with adhesive
wafer bonding for DNA analysis. (b) Stretchable electrocardiogram (ECG) patch featuring microfluidic liquid-metal interconnects and integrated
sensors for wearable heart monitoring. These systems exemplify the integration of electronics and microfluidics for next-generation biomedical
devices. Adapted with permission from ref. 67 and 68. Copyright 2020 |IOP, Copyright 2019 Wiley.

silicon-based CMOS, as shown in Fig. 15(a). To provide the
required height, the DFR material utilized in this instance is
ORDYL SY330 resist, which is made via a lamination method
and repeated three times to reach a height of 90 um. A
stretchable electrocardiogram (ECG) patch (SEP) was subse-
quently developed by a different group in Singapore.®® This
featured tubes for the liquid metal (Galinstan), which melts at
—19 °C, and a microfluidic structure based on PDMS. The SEP,
which is integrated with the CMOS chip and connected to the
patches via liquid metal-filled channels, is depicted in
Fig. 15(b). The SEP is housed inside the PDMS device. This
coarse liquid metal's benefit is that it expands with the PDMS,
preventing any loss of connection between the electrode pads
and the SEP. As shown in Fig. 15(b), the process of creating the
mold occurs before the process of creating the PDMS channels,
integrating the SEP and injecting Galinstan into the fluidic
channels to work as the link between the SEP and the electrode
patch. The integration of CMOS electronics with microfluidic
channels shows a significant change from conventional lab-on-
chip architectures, enabling compact, low-power systems for
sensing applications where silicon-based platforms are used.

Company Fabrication Fabrication
name Country materials  process Applications
Teledyne Alberta, Glass Wet etched and  Particle imaging
micralyne  Canada fusion-bonded  velocimetry®*
(micralyne Glass Wet etched and Mixer flow in
technologies) fusion-bonded  simulation and
experiment®’
Glass Wet etched and  Cell separation”
fusion-bonded
Glass Abrasive jet The electro-
micromachining osmotic flow

limit of detection
and separation
efficiency””

and wet etching

© 2026 The Author(s). Published by the Royal Society of Chemistry

(Contd.)
Company Fabrication Fabrication
name Country materials  process Applications
PEM- UV-LIGA process Electrophoresis”>
PMMA,
glass and
platinum
electrodes
Company Fabrication
name Country Fabrication materials  process Applications
Xfab Erfurt, Silicon CMOS Lab on
Germany fabrication a chip®®
Silicon, ORDYL SY330 CMOS Cell
negative-type fabrication sorting®”
permanent dry-resist
(DFR) and BF33 glass
Silicon and PDMS Soft Wearable
lithography sensor®®
Conclusion

This review examines the state of commercially and semi
commercially available microfluidic device platforms which are
fabricated using glass and silicon substrates. This work also
highlights how the right material and fabrication strategy
dictates the overall device performance, reliability and integra-
tion capability. While polymer-based systems dominate low-
cost application and rapid prototyping, glass and silicon plat-
forms remain indispensable for applications that require high
chemical stability, optical fidelity, dimensional precision and
compatibility with electronic and photonic components.
Recently there has been efforts developing commercially viable
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microfluidic technology which can seamlessly integrate MEMS
(microelectromechanical system) and CMOS (complementary
metal-oxide-semiconductor) fabrication processes. Unlike
traditional microfluidic devices that rely on external instru-
mentation for sensing, actuation, or data acquisition, these
methods have the potential to embed on-chip temperature
control, electrophoretic and dielectrophoretic actuation, inte-
grated optical/electrical sensors, and signal processing circuits
directly within the microfluidic substrate. Such monolithic
integration allows for compact, low-power, and multifunctional
lab-on-a-chip systems, paving the way for applications for true
portable diagnostics, wearable biosensors, and real-time
monitoring systems. Another emerging trend is the increasing
adoption of hybrid material systems. Here glass and silicon
substrates are combined with polymers, elastomers, or func-
tional coatings to balance mechanical robustness, chemical
resistance, and manufacturability. Such hybrid strategies
enable the complementary advantages of different material
classes to the designers. It is effective for organ-on-chip plat-
forms, integrated sensors, and multifunctional lab-on-a-chip
devices.

From an industrial perspective, the successful translation of
microfluidic technologies from laboratory demonstrations to
deployable products increasingly depends on process stan-
dardization, reproducibility, and system-level integration.”
Recent reviews emphasize the essential need for bridging the
gap between prototyping and scalable manufacturing. Particu-
larly for high-performance glass- and silicon-based platforms
with integrated microelectronics. As microfluidics continues to
mature, the integration of advanced materials, scalable fabri-
cation workflows, and embedded electronics is expected to
define the next generation of high-impact microfluidic
technologies.
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