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Abstract: This article proposes a novel cost-effective method to achieve microfeature-sized patterns 

on Polydimethylsiloxane (PDMS) substrates. As a biocompatible, flexible, economical, and easy-to-

use polymer benefiting the trait of mechanical impedance close to that of soft tissues, PDMS is the 

best candidate to be used where we need communication between the electrical circuits and soft 

tissues. Additionally, PDMS can be matched with tissue’s different shapes and doesn’t cause any 

trauma. The proposed approach eliminates complex and high-cost manufacturing methods of mi-

crofeature-sized patterns on PDMS, such as conventional microfabrication methods. Our technique 

takes advantage of not requiring standard photolithography processes, making it simple and cost-

effective. This manner can be used for various purposes, such as micro-fluidic chip fabrication, bio-

sensing applications, neuroscience research and neural prosthetics such as electrocorticogram 

(ECoG) and, in general, where microfeature-size patterning on PDMS is required. To prove the 

method’s functionality, we fabricated a test sample. Firstly, the scaffold was fabricated using a con-

ventional laser engraver and Poly(methylmethacrylate) (PMMA). Then, a mold was made using this 

scaffold from PDMS. In the last step, a typical commercial photoresist was applied as an anti-adhe-

sion layer between the PDMS mold and the sample to make the sample peel off the mold surface 

easily. The final sample indicated that the pattern’s feature size was around 200 micrometers and 

that the required patterns were very close to the desired form possible. 
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1. Introduction 

Flexible, elastic, and durable soft materials lead the path for future electronics appli-

cations in diagnostics and personal healthcare [1]. As a biocompatible, flexible, simple 

processing, optically transparent, and cost-effective polymer, PDMS (polydimethylsilox-

ane) is one of the most frequently applied substrate layers [2,3] in various applications 

including wearable sensors [4,5], epiretinal prosthetics [6–8], electronic textiles [9,10], 

stretchable conductors [11,12], etc. PDMS can be made in different shapes to fit biological 

tissues. Moreover, its mechanical impedance matching property to soft tissues such as the 

spinal cord and the oxygen-permeability make it one of the best MEA/neural tissue inter-

faces [13–15]. Other flexible substrate options include parylene-c [16,17], Ecoflex 00-30 

[18], silicon elastomers like RTV-2 [19], and so on. PDMS Young’s modulus is reported in 

the range of 0.4–1.0 MPa [20] while Young’s moduli of parylene and polyimide, as other 

popular materials, are respectively in the range of 4–4.5 and 2.3–2.8 GPa [21,22]. These 

make PDMS a suitable substrate material for communication between an electrical circuit 

and soft tissues [23,24]. For instance, PMDS is employed in neural stimulation devices to 
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activate targeted neurons accurately [25,26]. We desired a sample that was biocompatible, 

flexible, and long-lasting, thus PDMS was the ideal material pick for the sample. Another 

PDMS’s benefit is its simplicity in fabrication. Whereas, for example, the parylene-c fabri-

cation method necessitates specialized equipment, making it expensive [27]. Another op-

tion is Ecoflex 00-30, which has excellent stretchability but should be assessed for biocom-

patibility for each application [28]. RTV-2 is a low-cost silicone rubber that may be utilized 

as a protection layer for electronics systems since it remains flexible over a large temper-

ature range of −80 °C to +250 °C. RTV-2 has a low surface tension, which allows it to rep-

licate surface detail and makes it a good choice for molding applications [19]. Conse-

quently, PDMS was the ideal material pick for the sample in many applications because 

of its biocompatibility, flexibility, long-lasting, simple fabrication process, ets. Which con-

vinces us to focus on PDMS as samples’ body material. Following this, since we need a 

flexible mold in the proposed approach, we tested Ecoflex00-30, RTV-2, and PDMS as 

mold materials to choose the best one. 

Besides material features, the processing technique also plays an important role. Mi-

cropatterning is one of the most critical processes in a device fabrication procedure. PDMS 

is typically patterned using either the conventional photolithography method (by adding 

photosensitive composites) [29,30] or molding techniques [31]. The conventional photoli-

thography method is incredibly accurate and can manufacture micro-feature size pat-

terns. Not only this approach is complicated, but also the procedure must be performed 

in a particular environment, such as a clean and yellow room, with special instruments, 

and by professionals. The alternative choice would be to use the 3D-printing technique to 

design and fabricate molds. A peeling-off operation is required when using typical 3D-

printing materials, however micro-feature size patterns on micrometer thickness sub-

strates cannot be achieved and this is where peeling off might be challenging. Although 

the peeling-off procedure can be omitted by employing solvable 3D-printing materials, 

these molds are not reusable. 

This article provided an easy method to micropattern PDMS and the resulting mold 

can be reused several times. Using this approach, Ecoflex00-30, RTV-2, and PDMS were 

used to create distinct molds. Comparing different molds materials, PDMS was eventually 

chosen as the final mold material. An anti-adhesion layer was required to separate the 

PDMS mold from the sample. Separation was evaluated using silicone spray, water and 

sugar solution, and a typical commercial photoresist as a low-cost photoresist layer. The 

commercial photoresist was then chosen. The resulting sample’s patterns were quite sim-

ilar to the desired ones, with a feature size of roughly 200 micrometers which is desired 

for many applications. 

2. Materials and Methods 

To fabricate the device firstly, we designed the desired pattern using COREL DRAW. 

After that, a conventional laser engraver was used to make patterns on the PMMA. 

PMMA was chosen as scaffold material due to its availability and the fact that high accu-

racy can be easily achieved with conventional laser. Lasers’ power and delay time were 

optimized to obtain the best result on the PMMA scaffold. The chosen design contained 

two parallel lines with a thickness of 200 micrometers and a distance of 1000 micrometers 

from each other, as shown in Figure 1. 
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Figure 1. Schematic of PMMA scaffold design. 

After that, for mold fabrication, RTV-2 was chosen for the first test. Its mixture was 

made by adding the second part of RTV-2 and diluent liquid, 4% and 5% of the mass, 

respectively, and then adequately mixed with a glass stirring rod. Then the mixture was 

placed in a desiccator to eliminate the bubbles for less than 5 min. After that, it was poured 

on the scaffold and cured for 24 h on a hotplate at 120 °C. The resulted mold was so sticky 

and unsuitable for our needs. 

Ecoflex00-30 was the second material tested for mold fabrication. Its two parts were 

homogenized in 1:1 ratio and bubbles were eliminated in the same manner previously 

described. The resulting compound was poured on the scaffold and allowed to cure for 1 

h in an oven at 60 °C. After the curing phase, it was clear that Ecoflex00-30 was stuck to 

the PMMA scaffold and couldn’t be peeled off properly. 

The PDMS substance was the third to be tried. SYLGARD 184 was the product that 

we utilized. The curing agent and base elastomer were combined in a 1:10 ratio to achieve 

our desired mechanical characteristics. After that, a desiccator was used for around 20 min 

to clear all of the bubbles. The mixture was then poured over the scaffold and left to cure 

for one hour in the oven at 85 °C. The PDMS mold simply separated from the PMMA 

surface due to the poor adhesion between PMMA and PDMS. Patterns on the PDMS mold 

were evaluated and found to be in good condition. The final PDMS mold and PMMA 

scaffold are shown in Figure 2. 

 

Figure 2. (a) Engraved PMMA based layer to be used as the scaffold; (b) Magnification of engraved 

patterns on PMMA scaffold; (c) Fabricated mold from PDMS. 

Since both the mold and sample were made from PDMS, an anti-adhesion layer was 

essential to make two layers separation feasible. After selecting the best material for mold 

fabrication, several anti-adhesion coatings such as silicon spray, water and sugar solvent, 

and a typical commercial photoresist were investigated. Peeling off was feasible with the 
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applying a silicon spray layer, although patterns were not in the ideal condition, and peel-

ing off thin sample layers was challenging. The water and sugar solvent with different 

concentrations prevent two layers from adhering, but patterns were not adequate because 

of the considerable sugar particles size compared to micropatterns. As the last tested anti-

adhesion layer, a low-cost commercial photoresist, was spin-coated on the mold and 

baked at 90 °C for around 10 min. The desired photoresist should only have the appropri-

ate density to achieve a layer with a thickness in the range of micrometers after spin coat-

ing. Additionaly, it should be detached from the PDMS surface without any damage to 

the surface. As a result, it could be any commercial photoresist without any critical con-

sideration. Here, after spin coating, a layer with a thickness of about 2 micrometers was 

obtained, which was thin enough compared to patterns. Using photoresist, the sample 

was separated from the mold effortlessly and patterns on the sample were in very good 

shape. 

For the sample layer, PDMS was made as explained before and the mixture was spin-

coated on the photoresist. Spin-coating was started at 400 rpm/s and continued in 500 

rpm/s to obtain a 300 micrometers thickness uniform layer which was then cured for 1 h 

at 85 °C in the oven. After curing was completed, two layers were separated pretty readily 

and patterns were in the best shape. Figure 3 represents the entire procedure and Figure 

4 depicts the final sample results. Different tested substrate materials and results are sum-

marized in Table 1. 

 

Figure 3. Fabrication procedure. (a) PMMA plate; (b) Engraved PMMA based scaffold; (c) Spin 

coated PDMS on the scaffold to fabricate mold; (d) Fabricated PDMS based mold; (e) Spin coated 

anti-adhesion layer on the mold; (f) Spin coated PDMS on the anti-adhesion layer; (g) Final sample 

after separation from mold and eliminating anti-adhesion layer. 
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Figure 4. Final fabricated sample. pattern’s feature size is 200 micrometers. 

Table 1. Different substrate materials and their tested results. 

Mold Materials 
PMMA Peeling Off 

Feasibility 

Silicon Spray Anti-Ad-

hesion Layer 

Water and Sugar Solu-

tion Anti-Adhesion 

Layer 

Commercial Photoresist 

Anti-Adhesion Layer 

RTV-2     

Ecoflex00-30     

PDMS     

3. Discussion 

In this work, a new fabrication method of micropatterning on PDMS substrate was 

proposed. The presented fabrication approach doesn’t include the standard photolithog-

raphy process so it doesn’t necessitate expensive material, equipment, and professional-

ists making it a simple cost-effective patterning method. Compared to other methods 

[29,30], we didn’t add any extra materials to PDMS to make it photosensitive in our novel 

patterning approach, either. This is important since any other additives would change 

PDMS characteristics, such as biocompatibility and flexibility. When benzophenone is 

added to PDMS, for example, live cells would inevitably die [32]. The use of photoPDMS 

(PDMS with photosensitive particles inserted) may hinder bioapplications, necessitating 

the use of an extraction method. In the extraction step, several different chemical materials 

such as n-pentane, xylene, ethanol (200 proof) are employed to unbound oligomers and 

enhance polymer cross-linking [32]. Although the extraction process would promote 

PDMS biocompatibility, it alters material properties and this might be undesired, thus the 

new form of PDMS should be characterized like the way it’s done in [33]. Added materials 

are costly, as well as, this process might take several days to be completed. 

The fabrication of 3D-printed-based molds can be done in two ways. The traditional 

technique of 3D printing employs unsolved materials, demanding a peeling-off proce-

dure. Due to the unavoidable peeling off step, micropatterns on micro thickness substrates 

can not be achievable. In comparison with the solvable 3D-printing-based technique, Our 

method has the advantage of being reusable. If 3D-printed solvable molds are employed 

to achieve micropatterns, the built mold can only be used once. As a result, the entire 

patterning process takes a lot more time and money. However, PDMS-based molds are 

used in this paper, making the procedure repeatable. Table 2 shows a summary of tech-

niques to produce micropatterns on PDMS. 
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Table 2. Micropattern fabrication techniques on PDMS. 

Micropatterning Technique Advantages Fabrication Challenges 

photolithography methods  Tunable and nanoscale feature size 

 complex fabrication process 

 requiring high-cost photoresist 

 high-cost additional materials 

 needing extraction process in bioap-

plications 

 requiring characterization process 

Molding techniques 
 achievable microfeature size patterns 

 relatively cost-effective 

 not repeatable 

 high-cost materials 

 slow process 

PDMS-based-molding technique 

 achievable microfeature size patterns 

 low cost 

 repeatable 

 requiring optimization for spin coat-

ing speed 

 limitation on fabrication of 3D struc-

tures  

4. Conclusions 

In this article, we proposed an innovative and cost-effective method for creating mi-

cropatterns on PDMS substrate. There was a biocompatible, micrometer thickness, and 

the sample substrate desired, leading to the choice of PDMS as the material for the sample 

substrate. We optimized a conventional laser engraver to create our desired pre-designed 

pattern on a PMMA sheet, then used it as the scaffold. Following that, Ecoflex 00-30, RTV-

2, and PDMS were evaluated to determine the best mold material candidate. PDMS was 

found to be the best option, benefiting its flexibility property making it possible to be 

peeled off from scaffold without causing any damage. Choosing PDMS for both mold and 

sample material required an anti-adhesion layer to make mold and sample separation fea-

sible. Silicon spray, water and sugar mixture in different concentrations, and a low-cost 

photoresist were tested to hinder mold and sample adhesion. The low-cost photoresist 

was the final choice because of its desired density and thickness, and also it could be spin-

coated on mold leading to a uniform layer. Using this photoresist, the sample was sepa-

rated from the mold easily and patterns were in good shape indicating that microfeature-

size patterns on micro thickness substrate layers are achievable employing the presented 

method. 
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