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Abstract

We show that microstructures of various geometries and dimensions, microgrooves, and 

new OoC devices.
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Organ-on-a-chip (OoC) is a technology that emerged from lab-on-a-chip and refers to 

. Combined with human 

cultured in specialized chips to develop human disease models5.

. While 

technology by biomedical researchers is currently hampered by concerns of cytotoxicity, 

combined with low-cost UV lamps and photomasks in a cleanroom-free approach . 
Polyethylene terephthalate (PET) has also been used as a low-cost, transparent substrate 

. This form of photolithography can be 
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  2

DMD-based systems were used with various substrates to produce microfabricated systems 

microstructures with complex geometries and submicrometer features have been generated 
using DMD-based systems . However, at present, most DMD setups are custom-made and 
therefore cannot be easily adapted or replicated by other groups without deep knowledge 

. The increased 
availability of commercial, easy-to-use DMD-based systems (e.g., Heidelberg Instruments 

. DMD-based systems in general, therefore, 

microscopy grids

described recently
exposure, a feature not possible in other commercially available DMD-based systems. 

photolithography. Microfabricated molds were mounted in small Petri dishes as an easy-to-

.
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Results and Discussion

inexpensive photomasks, and simple UV lamps

directly
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Exposure

of hotplate or whether an oven is used), and the size of the substrate . Therefore, the 

Figure 1. A
the developed approach to rapidly fabricate OoC devices. (

C

A

C
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obtained 

unless indicated otherwise.

2 

2.

DMD-based maskless photolithography setup. The size of tested features ranged from 20 

circular and non-rectangular features (e.g., stars, triangles, and circles), it was observed that 

 and was expected. More complex and larger 

areas.

. However, we have demonstrated that such structures (donut-like 

cannot be eliminated completely because of the cleanroom-free approach. Even though we 
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including organoid trapping
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Figure 2. A) 
) Digital photomask 

C

evident by the sharp edges and high reproducibility. (D

E
be microfabricated in large areas on the substrates. (F

Acute angles are properly developed.

A

C

D

E

F
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, 

(ii).

research

methods.
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Figure 3.  microchannels and microgrooves. (A

C
D

A C

D
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be used to make compartmentalized chips where two larger cell culture compartments 

i.e., neurite outgrowth
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Figure 4. 
heights. (A

(ii) Height measurements of the main and microchannels. (C

D) Photograph 

A C

D
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2

2), there is a loss of control over the height because at that 

2 2 laser doses 

2

are spin coated onto silicon wafers are not amenable to grayscale photolithography 
. Maskless grayscale 

25. The 

, using cone-like 
or similar structures as demonstrated earlier.
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Figure 5. Grayscale photolithography combined with backside UV exposure enables control over 
microstructure height. (A

2 2 2) lead to an 
C

D) Cone-like structures can be 

A C

D
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Conclusions
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Materials and Methods

rates.
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leaving 5 mm from the edge uncoated. This was done to wet the coverslip with viscous 

 
 

 

Temperature/ 50 °C 65 °C 95 °C

2000 rpm 25 min
2 min 5 min
2 min 5 min

Temperature/ 50 °C 65 °C 95 °C

2000 rpm Not needed 2 min
Not needed 2 min

Table 1. 

Table 2. 
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Maskless Photolithography

plus

chip and microfeatures were designed in an open-source vector graphics editor (Inkscape). 

2.

Temperature/ 50 °C 65 °C 95 °C

25 min
2000 rpm 20 min

2 min
2 min

Temperature/ 50 °C 65 °C 95 °C

2000 rpm Not needed 2 min
Not needed 2 min

Table 3. 

Table 4. 
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min was used.

parts of the microscope holder. The holder was then placed inside the microscope stage 

be restored later (as described below).

microscope stage.

of the substrate in the holder to perform realignment, guided by the live camera view 
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confocal microscope (Keyence Corp., Osaka, Japan).

Cell Culture

50

described

Technologies).
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On-Chip Cell Culture

2+ and Mg2+

Seeding and Culture of hiPSC-vSMCs on Microgrooves
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Technologies) for the remainder of the experiment.

Fluorescence Imaging
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Supplementary Material

Final thickness

Table S1. 

Exposure
Post-exposure bake
Development

chip assembly)
200 min

6–8 h

Table S2. 
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Figure S1. (A) The substrate was 

markers. (ii) Photograph of the applied markers, which span both parts of the substrate and the 
microscope holder (red arrow indicates part of marker that is on the microscope holder, and blue 
arrow indicates part of marker that is on the substrate). 

the substrate (blue arrows) can be used to realign the substrate (using tweezers to carefully move the 

A
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Figure S2. 

Figure S3. 



  2Figure S4. (A)

organoid trapping).

Figure S5. The (A)

(C) (D)

increases the tendency of these small structures to deform. Wider structures are not deforming.

A

A

C D




