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Figure S1. Overview of the experimental setup for laser ablation-based fabrication of polymer 
microwell arrays. (a) Photograph of the fixture placed inside the CO2 laser cutting/engraving 
system. (b) Photograph showing a close-up view of the fixture. Scale bar, 5 mm. (c) Exploded 
view of the fixture. (d) Optical micrograph showing a close-up view of the stainless steel 325 × 
325 mesh. Scale bar, 100 µm.  
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Figure S2. Cross-sectional profiles of microwells. (a) Profiles of microwells in cellulose acetate 
fabricated using a 325 × 325 mesh with different combinations of laser power and rastering speed. 
(b) Profiles of microwells in PDMS, PET, PMMA and SU-8 fabricated using a 325 × 325 mesh, 
and microwells in COP fabricated using a 200 × 200 mesh. 
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Figure S3. Characterization of microwells fabricated using meshes with larger mesh sizes. (a) 
Optical micrographs of cellulose acetate microwells fabricated using a 200 × 200 mesh, a 150 × 
150 mesh and a 80 × 80 mesh with 15% power and 100% speed. Scale bars, 100 μm. Plots of (b) 
microwell diameter and (c) microwell depth for microwells fabricated with different mesh sizes. 
Each data point represents the mean ± SD of 30 independent measurements. 

 

 

 

 

 

 

 

 

 



 
5

Theoretical Modeling of Microwell Volume. The ablated mass, 𝑚, was calculated using Eq. 11 
where 𝜌 is the density of the substrate, 𝑤 is the spot size (i.e., the size of mesh opening), 𝐷 is the 
thermal diffusivity, 𝜏 is the laser pulse time, 𝜑 is the laser fluence,  𝜑 is the material threshold 
fluence of the substrate and 𝜒 is the attenuation factor (𝜒 = 0.5 in this work). The laser fluence was 
calculated using Eq. 2, where 𝑃 is the maximum power of the laser, 𝑝 is the fraction of laser power 
used for ablation, 𝑑 is the mesh opening size and 𝑎 is the correction factor to account for energy 
loss due to the scattering/blocking of the laser beam from the mesh and loss of heat to the 
surroundings (𝑎 ൌ 0.145 in this work). The residence time of the laser, 𝑡, was calculated using Eq. 
3, where 𝑠 is the fraction of speed used in ablation and 𝑆 is the maximum linear speed of the laser 
beam. The material threshold fluence was calculated using Eq. 42 where 𝐶 is the heat capacity of 
the substrate and 𝑇௩ is the vaporization temperature or thermal degradation temperature if the 
material degrades before vaporization4. The thermal diffusivity, 𝐷, was calculated using Eq. 55 
where 𝐾 is the thermal conductivity of the material. The values of the parameters described above 
are presented in Table S1.  

Table S1. Parameters for modeling laser ablation of polymer and the associated values used 
in this work. 

Parameter Value Reference 

𝜏 280 𝜇𝑠 equipment datasheet 

𝑤 130 𝜇𝑚 equipment datasheet 

𝜌 1300 𝐾𝑔/𝑚ଷ 6 

𝑃 60 𝑊 equipment datasheet 

𝑆 1.27 𝑚/𝑠 equipment datasheet 

𝑇௩ 540 𝐾 4 

𝑑 50 𝜇𝑚 material datasheet 

𝐶 1464 𝐽/𝑘𝑔𝐾 6 
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Figure S4. SIINFEKL expression in LLC cells. LLC cells were stained with SIINFEKL-specific 
PE antibody and analyzed using flow cytometry to determine the expression levels of the 
SIINFEKL antigen. SIINFEKL positive cells were gated on single cells. 
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