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Traditional soft lithography based PDMS device fabrication requires complex procedures carried out in
a clean room. Herein, we report a photolithography-free method that rapidly produces PDMS devices
in 30 min. By using a laser cutter to ablate a tape, a male photoresist mold can be obtained within 5
min by a simple heating-step, which offers significant superiority over currently used photolithography-
based method. Since it requires minimal energy to cut the tape, our fabrication strategy shows good
resolution (~ 100 pm) and high throughput. Furthermore, the micro-mold height can be easily controlled
by changing the tape types and layers. As a proof-of-concept, we demonstrated that the fabricated PDMS
devices are compatible with biochemical reactions such as quenching reaction of KI to fluorescein and cell
culture/staining. Collectively, our strategy shows advantages of low input, simple operation procedure and
short fabrication time, therefore we believe this photolithography-free method could serve as a promising
way for rapid prototyping of PDMS devices and be widely used in general biochemical laboratories.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Microfluidic devices have been widely harnessed in various
fields, such as drug screening [1], protein renaturation [2], DNA se-
quencing [3], cell analysis [4-6], chemical synthesis [7] and others
[8]. Among various types of microdevices, PDMS-based device is
the most popular one utilized in biochemical analysis due to its
high precision, low cost, good optical performance and biocom-
patibility [9]. Current PDMS devices are often manufactured based
on soft lithography, where a photoresist mold is obtained by pho-
tolithography for prototyping [10,11]. Since the photoresist mold
tightly attaches to a substrate (often a silicon wafer), it allows mul-
tiple repeated PDMS pouring and peeling off and contributes to
the stability of the following on-chip experiments. Unfortunately,
common photolithography requires highly-skilled persons, multi-
ple expensive instruments and complex fabrication procedures per-
formed in a high-maintenance cleanroom (Fig. S1 in Supporting in-
formation). These special requirements hinder the accessibility of
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PDMS devices to the research community, especially for those from
general biochemical laboratories without fabrication facilities and
experiences [12].

To simplify the fabrication procedure of microfluidic devices,
many methods have been proposed [13]. For example, computer
numerical control (CNC) micromachining and laser cutter engrav-
ing have been widely used to directly fabricate PMMA [14] or even
PDMS devices [15], but the generated microchannels often present
as a V-shape cross section due to the uneven distribution of laser
energy in these relatively stiff materials [16]. Laser cutter was also
applied to generate microchannels on double-sided adhesive tape
that was integrated with a plastic slab and a glass slide to form
a microdevice [17]. Three-dimensional (3D) printing has also been
used to produce devices with scaffolding materials such as acry-
lonitrile butadiene styrene (ABS) and polyvinyl alcohol (PVA), but
the process of dissolving the scaffold could swell the PDMS matrix
and the resulted microchannel resolution is relatively low [18]. Liq-
uid molding is another rapid prototyping method for PDMS device
manufacture [19,20]. This strategy is free from expensive instru-
ments for photolithography, but it still needs a premade mask and
extra care during PMDS pouring process to avoid water mold dis-
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Fig. 1. Laser-cutter based photolithography-free method procedures for prototyping of PDMS devices. (a) Scheme. (b) Experimental processes.

Fig. 2. Micropatterns generated based on laser cutting. (a) One- and two-layer tape
processed after laser ablation. (b) Micrograph of the PDMS channels after prototyp-
ing the photoresist mold. Scale bar, 300 pm.

ruption [13]. Table S1 (Supporting information) shows a brief sum-
marization of currently used methods for rapid microfluidic device
fabrication.

Herein, we demonstrate a laser cutter-based fabrication strategy
to rapidly generate a tape frame for making positive photoresist-
based mold for rapid prototyping of PDMS devices. Since cutting
tape requires minimal laser energy, a relatively high-resolution
mold (~100 pm) is obtained within 5 minutes by a simple heat-
ing step, exempting photolithography steps. As tape thickness and
layer number are of flexible selectivity, it is easy to generate mi-
crochannels with different heights. This method allows the gen-
eration of photoresist molds like traditional photolithography, but
eliminates the requirement of clean room facilities and complex
procedures (Table S1). The fabricated PDMS devices showed good
performance in the proof-of-concept experiments such as chemical
reaction monitoring and cell culture. We anticipate this fast, low-
cost and flexible fabrication strategy to be widely used in common
biochemical laboratories.

As shown in Fig. 1a, the adhesive tape is attached onto a glass
slide to carry out the laser cutting. The laser power and scanning
speed were optimized to be 1 W and 2.5 cm/s, respectively. Af-
ter laser ablation (Fig. 1a), the tape is transferred to a clean sili-
con wafer. Then a drop of positive photoresist (SPR 220-7) is ap-
plied onto the ablated area of the tape and the extra photoresist
is scraped away from the tape with a cover glass. After a simple
heating at 65 °C for 2 min, the photoresist-based male mold is ob-
tained after removing the tape. PDMS devices are manufactured
by prototyping the mold. The total fabrication time is within 30
min. The experimental fabrication processes are shown in Fig. 1b.
Since the tape is a thin soft material, it requires minimal energy to
cut through and produces little debris and smooth channels. Due
to this characteristic of adhesive tape, it is possible to generate
relatively higher resolution microstructures when comparing with
other hard materials such as PMMA [21,22]. As shown in Fig. 2,
one- or two-layer tape can be processed rapidly and the finally
obtained patterns achieved a resolution of ~100 pm. The mold
height can be easily controlled by changing tape layers (Fig. 2a and
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Fig. S2 in Supporting information) or using tapes with different
thicknesses. This strategy also enables high-throughput fabrication
of multiple micropatterns when attaching the tape strips on a large
PMMA sheet (Fig. S3 in Supporting information).

Photoresist-based mold endures high temperature and attaches
tightly on the substrate, which allows multiple times of PDMS
replication with high fidelity [23]. As described above, our strat-
egy only requires two simple steps to get a photoresist-based mold
within 5 min. However, current soft lithography needs laborious
procedures to fabricate a mold. For example, to obtain a negative
photoresist-based (e.g., SU-8) mold, multiple steps are necessary,
including spin-coating, pre-bake, UV-exposure (requiring a mask
printed in advance), post-bake, developing and hard bake (Fig. S1).
These experimental steps, normally performed in a clean room,
require the use of many hazardous chemical substances and ex-
pensive instruments. It takes about 4 h to finish these procedures.
Though typical positive photoresist-based (e.g., SPR220) mold does
not necessarily require hard bake, it is essential to perform the
other procedures including photolithography. It is known that the
UV-exposed area of positive photoresist is dissolved during devel-
oping, while the non-exposed area remains on the substrate. In
contrast to the traditional way, our strategy directly generates a
positive photoresist-based mold by using the laser ablated tape as
a constraint frame, which greatly simplifies the fabrication proce-
dure and avoids photolithography and hazardous chemicals.

Next, we moved to test the performance of the PDMS devices
fabricated by using our strategy. As a proof-of-concept experi-
ment for studying chemical reaction, a Y-shape micromixer with
a serpentine mixing channel was designed, fabricated and tested
(Fig. 2a). Quenching reaction of KI to fluorescein is often used to
evaluate the mixing performance of a micromixer [24,25]. The two
solutions were injected into the micromixer from the two inlets.
According to Stern-Volmer equation (Eq. 1),

/' = 1+Ksy [Q] (1)

where I and I are the fluorescence intensities without and
with quenchers respectively, Ksy is Stern-Volmer constant
(9.608+0.273), [Q] is the concentration of iodide, 70% fluores-
cence quenching can be achieved if 0.5 mol/L KI is completely
mixed with the fluorescein solution. When the flow rate was set
as 0.1 mL/h, the fluorescence did not achieve an even distribution
at the outlet (Figs. 3a and b). When the flow rate was decreased
to 0.03 mL/h, the two solutions had sufficient time to diffuse and
achieved a complete mixing (the final normalized fluorescence
was ~0.3) at the outlet, as shown in Figs. 3¢ and d.

Furthermore, we tested the biocompatibility of the fabricated
PDMS device. Two types of cells (HeLa and U87) with different ad-
hesive behaviors were loaded into the device with a straight chan-
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Fig. 3. Results of fluorescence quenching experiment. Fluorescence image under (a) 0.1 and (c) 0.03 mL/h, respectively. Normalized fluorescence intensity at different posi-
tions along the microchannel under (b) 0.1 and (d) 0.03 mL/h, respectively. The positions of 0-12 were marked by the purple lines shown in (a) and (c).
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Fig. 4. Micrograph showing on-chip cell culture and staining. (a) HeLa cells. (b) U87
cells.

nel (Fig. 4). HeLa cells are relatively low adhesive, and the cells
showed short protrusions after overnight culture. For the U87 (hu-
man glioblastoma cell line) cells with a high adhesion ability, long
protrusions were monitored. The live/dead staining with calcein
and PI demonstrated that both cells showed high viability in the
devices, though the image of HelLa cells displayed several red spots
that could be cell debris. In a two-day on-chip culture, HeLa cells
also demonstrated good status, as shown in the bright-field image
in Fig. S4 (Supporting information). These proof-of-concept experi-
ments displayed that the PDMS devices obtained with our strategy
have great biocompatibility for cell culture.

In summary, we proposed a new strategy to fabricate mi-
crofluidic PDMS devices within 30 min. Notably, a photoresist-
based mold can be obtained in 5 min without photolithography.
This method shows a fabrication resolution around 100 pm based
on current settings, but better resolution could be achieved by
finely tunning the laser power or using an updated laser cut-
ter with higher-resolution lens, which may further promote this
technique to be widely used in more refined experiments such
as single cell analysis. The surface roughness of the microchan-
nels (e.g., the side wall) could also be improved if the cutting
resolution is improved, though current devices already satisfies
the requirement of common biochemical reactions (Fig. 2b). Two
typical biochemical experiments including quenching reaction and
cell culture/staining were demonstrated to confirm the device per-
formance. These proof-of-concept studies show that our strategy
could serve as an efficient method for rapid prototyping of PDMS
devices and holds great potential to be widely used in general bio-
chemical libraries.
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