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Abstract
Background: Devices that mimic the functions of human skin are known as “electronic skin,” and 
they must have characteristics like high sensitivity, a wide dynamic range, high spatial homogeneity, 
cheap cost, wide area easy processing, and the ability to distinguish between diverse external inputs. 
Methods: This study introduces a novel approach, termed microfluidic droplet-based emulsion self-
assembly (DMESA), for fabricating 3D microstructured elastomer layers using polydimethylsiloxane 
(PDMS). The method aims to produce accurate capacitive pressure sensors suitable for electronic skin 
(e-skin) applications. The DMESA method facilitates the creation of uniform-sized spherical micropores 
dispersed across a significant area without requiring a template, ensuring excellent spatial homogeneity. 
Results: Micropore size adjustment, ranging from 100 to 600 μm, allows for customization of pressure 
sensor sensitivity. The active layer of the capacitive pressure sensor is formed by the three-dimensional 
elastomer itself. Experimental results demonstrate the outstanding performance of the DMESA 
approach. It offers simplicity in processing, the ability to adjust performance parameters, excellent 
spatial homogeneity, and the capability to differentiate varied inputs. Capacitive pressure sensors 
fabricated using this method exhibit high sensitivity and dynamic amplitude, making them promising 
candidates for various e-skin applications. Conclusion: The DMESA method presents a highly 
promising solution for fabricating 3D microstructured elastomer layers for capacitive pressure sensors 
in e-skin technology. Its simplicity, performance adjustability, spatial homogeneity, and sensitivity to 
different inputs make it suitable for a wide range of electronic skin applications.
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Introduction
Devices that mimic the intricate functions 
of human skin, commonly referred to 
as “e‑skin,” have garnered significant 
attention in recent years.[1‑6] It is typically 
embedded with various sensors, actuators, 
and electronic components to detect 
and respond to physical stimuli such 
as pressure, temperature, and touch. 
E‑skin technology aims to bridge the gap 
between the digital and physical worlds 
by providing a means for the seamless 
integration of electronic devices with 
the human body or other objects. These 
remarkable creations find extensive 
utility in various fields, particularly in 
the realm of wearable technology for 
health‑care applications.[7‑9] The integration 
of e‑skin into this domain has brought 
about revolutionary advancements in 

areas such as pressure‑sensitive touch 
displays,[2,10] human-computer interfaces,[11,12] 
prostheses,[9,13,14] and user‑friendly 
robotics,[5,15‑18] expanding the possibilities of 
human‑machine interactions.

One of the crucial aspects of e‑skin design 
is the ability to replicate the dynamic 
characteristics of human skin with utmost 
accuracy. To achieve this, e‑skin must exhibit 
a wide dynamic amplitude, capable of sensing 
pressures up to 105 pascals. This exceptional 
range allows e‑skin to capture subtle and 
forceful touches alike, enabling precise and 
nuanced tactile feedback. Furthermore, e‑skin 
should possess remarkable spatial resolution, 
enabling it to discern fine details and textures 
on the surface it interacts with. This high 
resolution is paramount in applications where 
intricate sensory perception is crucial, such 
as medical diagnostics and prosthetic limb 
control. In addition, e‑skin must maintain 
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fine homogeneity across its entire surface, ensuring consistent 
and reliable sensing capabilities. Electronic skin should also 
have the same ability as human skin to discern between 
diverse environmental inputs, including temperature, pressure, 
and closeness  (human skin accomplishes this through hair 
follicles).[19‑21] This uniformity allows e‑skin to faithfully 
reproduce the diverse characteristics of human skin, ensuring 
an immersive and realistic user experience.

In the pursuit of improving the pressure sensitivity of 
e‑skin, one commonly employed technique involves 
microstructuring the active layer. By introducing 
microstructures into the active layer, the e‑skin can achieve 
enhanced performance and more accurate pressure‑sensing 
capabilities. Among the various methods used for 
microstructuring, mold casting has emerged as a highly 
popular and effective technique.[19,22‑26]

Mold casting involves creating a mold with precise 
microstructural features, which is then used to imprint the 
desired pattern onto the active layer of the e‑skin. This 
process has been particularly successful in enhancing the 
performance of capacitive pressure sensors integrated into 
e‑skin.

A nanofiber‑based electronic skin with extremely 
high‑pressure sensitivity and three‑dimensional  (3D) 
conformability was created by Zhong et  al.[27] and 
constructed by interconnecting two elastically structured 
nanofibrous membranes. The patterned membrane is quickly 
created by pouring conductive nanofiber ink into a silicon 
mold to create a variety of protuberances that resemble 
semi‑spheroids. The protuberances made of interlaced 
elastic POE (elastic polyolefin elastomer) nanofibers and 
PPy/PVA-co-PE nanofibers (polypyrrole (PPy) conformally 
coated Poly (ethylene terephthalate) PVA-co-PE nanofibers) 
nanofibers have a high sensitivity for pressure sensing 
thanks to their adjustable effective elastic modulus, 
which can capture a variety of strains and stresses. With 
a detection limit as low as roughly 1.3 Pa, this electronic 
skin‑like sensor has an ultra‑high sensitivity  (1.24 kPa) 
below 150 Pa. The RGB‑LED light and pixelated sensor 
array are then put together into a circuit that demonstrates 
the viability of visual‑spatial pressure sensing.

Park et  al.[28] developed the successful integration of 
a triboelectric nanogenerator into an electronic skin, 
allowing for both biomechanical energy harvesting and 
self‑pressure sensing capabilities, all without the need for 
an external power source. To achieve this, they combined 
PTFE-molded (Polytetra-fluoroethylene) micro‑patterned 
polydimethylsiloxane  (PDMS) with a conductive yarn, 
resulting in an e‑skin that possesses remarkable flexibility, 
elasticity, high sensitivity, and perfect stability.

However, it is important to note that mold casting does 
have a limitation when it comes to the thickness of the 
microstructured layer. The thickness achievable through 

this technique typically ranges from only a few to a few 
hundred microns. Based on factors such as the ratio of 
the height to the width of the microstructures  (the aspect 
ratio) and the depth of etching for the microstructural 
features on the mold.[24,25] These limitations stem from the 
practical constraints of the mold fabrication process and the 
subsequent transfer of the microstructures onto the e‑skin’s 
active layer.

While mold casting offers significant benefits in terms of 
improved pressure sensitivity, its thickness restrictions 
can sometimes pose challenges, especially in applications 
where thicker or more complex microstructures are desired. 
As a result, numerous pressure sensors possess a limited 
dynamic range, and their responses tend to saturate at 
pressures exceeding a few tens of kilopascals.[22,24] For 
e‑skin applications, which need a wide dynamic range of 
several to hundred kilopascals, this might be a limiting 
issue.[4] Researchers and engineers are actively exploring 
alternative methods and innovative approaches to overcome 
these limitations and expand the range of achievable 
microstructural designs in e‑skin technology.

This problem can be addressed through various methods. 
One approach involves the random mixing of aqua phases 
and oil to create an emulsion, followed by the removal of 
solvents. Another method, explored by a few researchers, 
entails using 3D templates made of materials like 
polystyrene beads, nickel foam, or sugar. These templates 
are filled with the active material, and then, the template is 
etched away.[29‑36]

Kwon et  al.[31] have developed a flexible and wearable 
pressure sensor with a wide tactile pressure range in 
line with the gigantic piezocapacitive influence of a 3D 
microporous dielectric elastomer. Their piezocapacitive 
pressure sensor is extremely deformable by even very tiny 
quantities of pressure, resulting in a huge enhancement in 
its sensitivity because of the existence of micropores inside 
the elastomeric dielectric layer. In addition, the effective 
dielectric constant rises due to the progressive closing of 
micropores under compression, increasing the sensitivity 
of the sensor. Compared to previously identified micro‑/
nanostructured sensing materials, the 3D microporous 
dielectric layer with serially stacked springs of elastomer 
bridges can withstand a substantially larger pressure 
range. In light of this, their pressure sensor demonstrated 
remarkable performance with ultra‑high‑sensitivity of 
0.601 kPa‑1 in a low‑pressure domain  (<5 kPa) and a 
large dynamic range of 0.1 Pa‑130 kPa, which is suitable 
for typical tactile pressure ranges without suffering a 
substantial loss in sensitivity.

Li et  al.[37] introduced a novel fabrication method for 
porous PDMS. The method combines structured molding, 
micro‑region fusion, and vacuum‑assisted infiltration 
using salt particles as porogen. Although the procedure is 
quick and easy, independent of the pore size distribution, 
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it significantly improves pore interconnectivity and salt 
residue in the final porous PDMS samples. The technique 
also makes it possible to create porous PDMS samples with 
a variety of 3D structural contours, emphasizing its potent 
structurization potential, which is rarely addressed by other 
techniques. The technique produces effective 3D structure 
construction, improved pore interconnectivity, and less salt 
residue by integrating structured molding, micro‑region 
fusing, and vacuum‑assisted infiltration. The efficacy and 
adaptability of the suggested technology are demonstrated 
by experimental demonstrations that illustrate the successful 
production of porous PDMS samples with various pore 
size distributions and structural contours. The fabrication 
of a capacitive pressure sensor, which has increased 
sensing sensitivity compared to a planar equivalent, 
further validates the application advantage afforded by the 
structurization capabilities of porous PDMS.

However, these existing procedures have certain limitations. 
First, they can be somewhat expensive, making them less 
suitable for low‑cost, large‑area devices. In addition, they 
often result in microstructures with arbitrary shapes and 
sizes, which limits their spatial uniformity, especially in 
situations where precise taxel accuracy is essential.[34,36] 
Another challenge is the difficulty in controlling the shape 
and the microstructures’ size, which affects the tunability 
of system efficiency. Hence, it is necessary to develop 
a simple and affordable template‑free method that can 
generate 3D microstructures with uniform sizes and variable 
feature sizes while ensuring significant area homogeneity. 
A highly promising technique, microfluidics, offers a range 
of biomedical applications, including cell separation[38‑41] 
and DNA sequencing.[42‑45] The utilization of microfluidic 
devices opens up numerous opportunities in various fields, 
such as production of monodisperse double emulsions,[46,47] 
particle focusing,[48] and particle separation.[49‑51]

In this study, we provide a novel microfluidic 
droplet‑based emulsion self‑assembly  (DMESA) method 
for fabricating a 3D microstructured elastomer PDMS 
layer that might be utilized to produce accurate capacitive 
pressure sensors for e‑skin applications. The DMESA 
method presents a unique and advantageous approach 
for the manufacturing of 3D microstructured elastomer 
layers when compared to the other techniques discussed 
in the additional papers. Unlike traditional 3D printing 
with PDMS, DMESA eliminates the need for extended 
curing times associated with liquid polymer precursors, 
offering a more efficient and streamlined process. In 
contrast to the method involving flexible capacitive 
pressure sensors with porous PDMS, DMESA showcases 
outstanding spatial homogeneity, enabling the creation of 
uniform‑sized spherical micropores distributed across a 
substantial area. Furthermore, DMESA’s innovation lies in 
utilizing the elastomer itself as the active layer, resulting 
in the successful fabrication of capacitive pressure 
sensors with high sensitivity and dynamic amplitude. 

This approach combines exceptional performance, the 
ability to distinguish varying inputs, and straightforward 
processing, making it a highly promising solution 
across a broad spectrum of electronic skin applications. 
In comparison to methods concerning porous PDMS 
sponges or porous PDMS fabrication with salt particles, 
DMESA’s specialization in pressure sensor creation 
ensures tailored solutions for e‑skin technology, with an 
emphasis on sensitivity control and spatial uniformity in 
microstructured elastomer layers.

The DMESA method may create spherical micropores of 
uniform size that are evenly dispersed across a substantial 
area without the requirement for a template, resulting in 
excellent spatial homogeneity. The micropore size, which 
ranges from 100 to 600  µm, may be easily changed to 
change the sensitivity of the pressure sensor. Capacitive 
pressure sensors with sensitivity as high as 0.62 kPa‑1 and 
a dynamic amplitude as high as 100 kPa were made using 
the 3D elastomer itself as the active layer. Our approach is 
quite distinctive and looks to be highly encouraging for a 
broad spectrum of prospective electronic skin applications 
because to these instances of straightforward processing, 
performance adjustment, excellent spatial homogeneity, and 
differentiation of varied inputs.

This work is an extended version of our previous work 
which was published in ICBME 2022  (microstructured 
droplet‑based porous capacitive pressure sensor). Herein, 
we have modified the previous work with explaining more 
about the concepts and ideas in this field and discussing 
more examples of similar works in the state of art. We 
have also compared our results with other papers in order 
to increase the credit of validating our work. Fabricating a 
structure with enhancing the precision of droplet generation 
would be convenient for future works.

Fabrication Methodology
To create microchips with accurate features, soft contact 
lithography techniques were used. The process began using 
SU‑8  2050 to create a 100 µm thick mold on a silicon 
wafer substrate. This mold served as the template for the 
microchip’s structure. The microchip design included 
various components to facilitate its functionality. Only 
one outlet was incorporated, along with a flow‑focusing 
junction measuring 500 µm in size. The junction featured 
a vertical angle to enable droplet production. Two inlets 
were provided to accommodate the scattered and continuous 
phases of the system. In addition, an expanding chamber 
was positioned before the outlet to slow down the 
advancing speed of the microdroplets, allowing them to be 
held in place for imaging purposes. To create the channel 
within the microchip, PDMS was cast onto the mold. This 
process involved pouring the PDMS material onto the mold 
and using a hotplate to cure it. A  10:1 mixture of PDMS 
monomer and curing agent was applied, and the curing 
process took place at a temperature of 75°C for 30  min. 
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Once cured, the finished PDMS structure was prepared 
by using a 1  mm punch to create output and input ports, 
facilitating the flow of fluids through the microchip. 
Aluminum electrodes were employed as the bottom and top 
components of the microchip structure. These electrodes 
played a crucial role in the overall functionality of the 
device. The generation of deionized (DI)‑water droplets and 
PDMS involved transferring them to a simple rectangular 
mold using a tube. Subsequently, the contents within 
the mold were subjected to heat on a hotplate for 2  h at 
a temperature of 90°. This heat treatment induced a phase 
change in the PDMS material, causing it to solidify and 
form the desired structure. Simultaneously, the heat also 
evaporated the water droplets, leaving behind holes in the 
structure. The droplets required for the experiment were 
generated using a focusing microchannel with a 200 µm 
junction. This specific setup allowed for precise control 
and manipulation of the droplets during the experimental 
process. The production of deionized water droplets within 
silicone oil through a flow-focusing microchannel is shown 
in figure 1.

Results and Discussion
In order to assess the impact of various parameters 
on droplets, we conducted experiments to manipulate 
the disperse phase’s capillary number, represented by 

×( ) .µ µ
σ

d d  We aimed to investigate how this parameter 
affects the droplet size, the distance between them, and 
the frequency of droplet production. To achieve this, it 
was necessary to transform the values into dimensionless 
form, which was accomplished by introducing the Strouhal 

number, given by  ( µd 

f ×l  ), to represent frequency. 

In addition, the longitudinal dimensions were made 
dimensionless by dividing them by the orifice width, 
denoted as OrifficeL . The outcomes of these investigations 
are depicted in Figures 2‑4.

Figure  2 illustrates the impact of the capillary number of 
the dispersed phase on droplet size. It shows that the size 
of formed droplets increases linearly up to approximately 
CaD <3 × 10−4. Beyond this threshold (CaD > 3 × 10−4), the 
size of the droplets remains constant, indicating a saturation 
point. In Figure  3, the relationship between the capillary 
number of the dispersed phase and the distance between 
droplets is demonstrated. It reveals that as the capillary 
number increases, the distance between the droplets 
decreases linearly. This suggests that higher capillary 
numbers lead to a more compact arrangement of droplets. 
Figure  4 focuses on the effect of the capillary number of 
the dispersed phase on the droplet production frequency, 
represented by StD. The results indicate that as the capillary 
number increases, the droplet production frequency  (StD) 
decreases. This implies that higher capillary numbers 
correspond to a reduced rate of droplet production.

These findings from the experiments provide valuable 
insights into the relationship between the capillary number 
of the dispersed phase and various droplet characteristics. 
By analyzing  [Figures  2‑4], it becomes evident that 
manipulating the capillary number can significantly 
influence droplet size, inter‑droplet distance, and droplet 
production frequency.

Figure 1: The production of deionized water droplets within silicone oil 
through a flow-focusing microchannel

Figure 2: Influence of the Ca number of the dispersed phase on droplet size

Figure 3: The impact of the Ca number of the dispersed phase on the 
spacing between two droplets
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The process of gathering DI water droplets leads to the 
formation of tightly packed two‑dimensional lattices. These 
lattices then stack up vertically, resulting in the creation 
of a tightly packed 3D structure. This 3D structure is 
characterized by its closely arranged microstructures, which 
contribute to its unique properties. During the curing process 
of the PDMS, the DI water within the droplets gradually 
evaporates. As the water evaporates, it leaves behind a 3D 
microstructured PDMS that maintains a uniform micropore 
dimensions. To validate the structural integrity and stability 
of the 3D microporous structure during the evaporation 
process, scannable optical microscope images were 
captured. The 3D microporous structure’s ability to keep 
its form without collapsing as water evaporates is related 
to PDMS’s gas permeability, according to scannable optical 
microscope images. Different sizes of generated droplets 
are shown in figure 5 and the whole droplet based porous 
structure is depicted in figure 6.

We have also tested two structures in addition to the 
droplet‑based method; first using sugar grains and 
second one with salt grains. The process of making the 
aforementioned structures starts with mixing them with 
PDMS solution. Then, we bake them in the oven at 90°C 
for 20 min. After the baking process, we put the structures 

in DI water  (totally drowned). After 48 h, the sugar grains 
and salt grains are dissolved in DI water and the porous 
structure is complete. In the end, putting them exposed to 
free air will make them dry and ready to use. The sugar 
and salt grains make micropores with approximately 500 
and 300 µ, respectively.

The analysis of the curves depicting relative capacitance 
change as a function of pressure for samples with 
diverse micropore sizes indicates that the sensitivity 
of the capacitive pressure sensors is influenced by the 
size of the micropores and the applied pressure. By 
examining  [Figure  7], it can be observed that the relative 
capacitance variation  (∆C/Co) increases as the pressure 
range is expanded for each of the six samples created with 
different pore sizes  (sugar grain size, salt grain size, 100, 
200, 400, and 600 µm droplet sizes).

In comparison to the sample with lesser porosity, the 
sample with higher porosity also exhibits a reduced 
compressive modulus. The following can be used to 
explain this distinction. A  porous system experiences 
buckling, which is an outward deflection, in the thin rows 

Figure 4: The impact of the Ca number of the dispersed phase on the droplet 
generation frequency (StD)

Figure 6: Droplet based porous structure

Figure 7: Graphs displaying the relative capacitance change in relation to 
pressure for samples with different micropore sizes (Y‑axis is with a scale 
of 100th for relative capacitance change)

Figure 5: Microscopic images of (a) 100 μm droplets, (b) 200 μm droplets 
and (c) 400 μm droplets

cba
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between two pores. Due to Euler’s critical load, the force 
at which buckling occurs is inversely linked to the width 
of the thin row between the holes. As buckling transpires 
at a lower pressure due to the longer row of larger holes, 
the sample with larger pores undergoes greater strain than 
the specimen with smaller pores under equivalent pressure 
conditions. For all samples, the sensitivity was uniformly 
poor at low pressures and gradually decreased as pressure 
increased. Intriguingly, as the size of micropores increased 
from 100 µm to 600 µm, ∆C/Co at 100 kPa increased 
by around four times. In addition, the sensitivity of the 
devices enhanced with larger pore sizes, and differences in 
sensitivities were more pronounced in the lower‑pressure 
area and steadily diminished with rising pressure.

Based on the microstructured arrangement, it is evident that 
the relative capacitance  (∆C/Co) values of the four samples 
are close to each other at low‑pressure ranges. However, at 
higher pressure ranges, significant differences in the relative 
capacitance  (∆C/Co) values can be observed, and overall, 
the relative capacitance  (∆C/Co) values are higher for 
samples with larger micropores (100, 200, 400, and 600 µm) 
throughout the pressure range. In the sample with 100 µm 
micropores, the relative capacitance increases rapidly upon 
the application of pressure, indicating that smaller micropores 
require less pressure to reach their maximum capacitance. 
Conversely, in the sample with 600 µm micropores, the 
relative capacitance increases more slowly and reaches a 
lower value than the other samples. This trend suggests that 
larger micropores require higher pressure to achieve their 
maximum capacitance. For testing the fabricated device, we 
put the sensor on human fist and monitor the changes of 
capacitance over time. Figure 8 shows the change in relative 
capacitance over time, demonstrating real-time monitoring of 
human movements with both an open and closed fist.

At the same pressure, the specimen with pores of 200 µm 
does not buckle, while the specimen with pores of 600 µm 

displays collapsed pores as a result of buckling. Under 
extreme pressure, the pores in both samples will close. The 
sensitivity of specimens with diverse micropore sizes will, 
therefore, begin to merge when the structural influence of 
the various pore sizes is lost.

Based on the information presented in Figure  7, it is 
shown that the fabricated sensor is suitable for pressure 
ranges from 0 to 100 kilopascals  (kPa). To provide a 
point of comparison, it is worth noting that a separate 
research group[52,53] pursued a different approach to create 
a PDMS structure with porosity. This method involved 
using DI water evaporation. While this technique resulted 
in an economically viable flexible pressure sensor based 
on a porous PDMS structure, it exhibits constraints in 
terms of its suitability for low‑pressure scenarios and 
demonstrates less than ideal linearity when exposed to 
wide‑ranging pressure conditions. Furthermore, there is 
another study[37] that employs an innovative methodology, 
incorporating structured molding, micro‑region fusion, and 
vacuum‑assisted infiltration, with salt particles serving as 
a porogen. However, it is important to recognize that this 
method is also most effective in low‑pressure situations.

For comparing our result in relative capacitance change 
and, therefore, its effectiveness, we have considered Li 
et  al.’s[37] work to compare the relative capacitance change 
as a function of pressure. For having a precise comparison 
between the aforementioned results and ours, we considered 
the most effective structure in our experiments, which was 
100 µm pore size and droplets. As it is depicted in Figure 9, 
Li et  al.[37] compared different shapes of porous structures. 
First, the planar‑shaped structure, which is pretty similar to 
our work. Then, the dome‑shaped structure showed a better 
result in relative capacitance change. They also had a 300–
450 µm pore size distribution in their structure. It can be seen 
that our structure has a slightly better response to pressure 
compared to Li et al. dome‑shaped structure. Therefore, it is 
more sensitive under different loads of pressure.

Figure 8: Graphs illustrating the change in relative capacitance over time, 
demonstrating real‑time monitoring of human movements with both an 
open and closed fist

Figure 9: Curves of relative capacitance change as a function of pressure 
comparing to Li et al.[37] results
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In summary, the analysis reveals that the size of micropores 
in the capacitive pressure sensors affects their sensitivity 
and response to pressure. Smaller micropores exhibit a 
higher sensitivity and reach maximum capacitance at 
lower pressures, while larger micropores exhibit a lower 
sensitivity and require higher pressures to reach their 
maximum capacitance.

Other vital attributes of e‑skin applications encompass 
precise spatial resolution and uniformity. Fine spatial 
resolution refers to the ability of the e‑skin to accurately 
detect and distinguish between small changes in the contact 
region. To achieve this, it is important that only the area 
directly in contact with an object or surface is compressed 
while the surrounding area remains unconstrained. By 
compressing only the contact region, the e‑skin can 
effectively capture and analyze the subtle variations in 
capacitance or pressure that occur during interactions. 
This allows for precise tracking and recognition of touch 
or pressure patterns, enabling more detailed and accurate 
feedback to be provided.

Homogeneity is another important aspect of e‑skin 
applications. It refers to the uniformity of the sensing 
capabilities across the entire surface of the e‑skin. The 
e‑skin should exhibit consistent sensitivity and response 
characteristics regardless of the specific location being 
touched or pressed. This ensures reliable and consistent 
performance, enabling reliable detection and interpretation 
of tactile information. Both fine spatial resolution and 
homogeneity are essential for e‑skin applications in 
various fields, such as robotics, prosthetics, and virtual 
reality. These characteristics enable the e‑skin to mimic the 
sensitivity and responsiveness of human skin, allowing for 
natural and intuitive interactions with the environment.

Conclusion
The study introduced a new microfluidic DMESA method 
for fabricating 3D microstructured elastomer layers in 
the context of capacitive pressure sensors for e‑skin 
applications. The DMESA approach demonstrated excellent 
performance in terms of spatial homogeneity, simplicity in 
processing, and the ability to adjust sensitivity by controlling 
micropore size. The fabricated capacitive pressure 
sensors exhibited high sensitivity and dynamic amplitude, 
showcasing the potential for accurate pressure detection. 
The findings shed light on the influence of micropore 
size and applied pressure on the sensitivity and response 
of the sensors. In addition, important characteristics 
such as fine spatial resolution and homogeneity were 
highlighted as essential for e‑skin applications. Overall, 
the presented method shows promise for various electronic 
skin applications, offering a distinctive approach with 
straightforward processing, performance customization, and 
excellent spatial homogeneity to enable reliable and precise 
tactile sensing capabilities.
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