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Abstract: Recent research aims to improve the performance of flexible pressure sensors by micro-
engineering their active layer. However, current fabrication approaches often require a trade-off
between scalability, miniaturization, and performance. To overcome these limitations, we propose
a novel technique that involves stacking all sensor layers on a carrier wafer and shaping the active
layer into micro-cones using a sacrificial mold. Precise miniaturization through photolithography
techniques improves mapping resolution, useful for object recognition applications. This method
offers enhanced ease of fabrication, versatility in shape and size, and tunability, potentially improving
the efficacy of flexible pressure sensors for various applications.

Keywords: flexible pressure sensors; microengineering; sacrificial molding layer; capacitive sensing;
conical microstructures; PDMS; object recognition

1. Introduction

Flexible pressure sensors have gained significant attention owing to their unique
properties such as being lightweight, conformable, and able to measure a wide pressure
range [1]. Pressure sensors consist of a deformable active layer that is sandwiched between
two conductive electrodes and have the ability to transform the external pressure (normal
and shear force) into a proportional electrical signal [2]. When devising a fabrication process
to microengineer the active layer for improved output, it is crucial to consider its uniformity,
the ease of fabrication, shape, and size versatility and tunability, and scalability of both
the device and the fabrication process [3]. In this study, we have developed a fabrication
process that stacks all layers on a carrier wafer, utilizing a sacrificial mold for the active
layer. We employ photolithography techniques for sensors’ precise miniaturization when
integrated into a row–column array. This approach significantly improves the mapping
resolution for object recognition applications.

2. Materials and Methods

In this process, a 200 µm thick PDMS elastomer layer is spincoated on a Si wafer
(Figure 1b). On top of the PDMS substrate, a 2 µm thick ma-N1420 photoresist layer is
spincoated, patterned, and used as a lift-off layer. Then, a 300 nm metal layer composed of
Ti/Pt/Ti layers is sputtered (Figure 1c), and acetone is used to lift off the photoresist. This
is followed by a deposition of a 20 µm thick PDMS lamination layer (Figure 1d). Next, the
20 µm thick ma-P1275HV photoresist sacrificial molding layer is spincoated and patterned
(Figure 1e) to create a 10 × 10 array of 10 µm diameter circles separated by a pitch of
120 µm. Once the mold is fabricated, another PDMS layer is spincoated on top of the wafer
and degassed (Figure 1f). The steps shown in Figure 1b,c are repeated for the top part of the
sensor. However, during the lift off step, the sacrificial molding layer is etched away with
acetone, revealing the conical PDMS structures that serve as the active layer (Figure 1g).
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wafer and degassed (Figure 1f). The steps shown in Figure 1b,c are repeated for the top 
part of the sensor. However, during the lift off step, the sacrificial molding layer is etched 
away with acetone, revealing the conical PDMS structures that serve as the active layer 
(Figure 1g). 

 
Figure 1. Proposed fabrication process for the flexible pressure sensor: (a) Si carrier wafer; (b) dep-
osition of PDMS bottom substrate; (c) deposition of bottom Ti/Pt/Ti electrode; (d) deposition of 
PDMS lamination layer; (e) deposition and patterning of the sacrificial molding layer; (f) deposition 
and molding of the active layer; (g) deposition of top Ti/Pt/Ti electrode and sacrificial layer etching; 
and (h) deposition of top PDMS substrate. 

3. Discussion 
Figure 2a shows the fabricated Si wafer with four 10 × 10 row–column array sensors. 

In this design, the micro-cones of the active layer are situated in the electrode intersections, 
limiting the crosstalk effect and allowing for spatial pressure recognition. In Figure 2b–d, 
it is possible to observe the SEM images of the fabricated conical PDMS structures. When 
compared with previous studies (Table S1), the monolithic approach combined with the 
use of a sacrificial photosensitive molding layer proposed in this work allows for better 
layer uniformity. With this method, by bypassing the need for bonding steps, we can sim-
ultaneously miniaturize the design and guarantee similar sensing performance within the 
devices. Additionally, by having control over the active layer structure, one can easily pre-
dict the sensor’s output through simulations. In this study, the theoretical nominal capac-
itance (Equation S2) was determined to be equal to 332 fF, whereas the average measured 
nominal capacitance of a singular sensor was 248 fF. Preliminary measurement results 
indicate the sensors’ sensitivity to be 2.3069 kPa−1 for sample 1 and 1.67691 kPa-1 for sample 
2 (Figures S1 and S2). With this approach, scalability can be improved by adopting estab-
lished techniques widespread in the industry, such as photolithography. 

 
Figure 2. (a) Fabricated row–column flexible pressure sensor; (b) SEM image of the active layer with 
150× magnification; (c) SEM image of the active layer with 500× magnification; and (d) SEM image 
of the conical shape obtained with 2000× magnification. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/xxx/s1. Table S1: Comparison between recent studies; Equation S1: Parallel-plate 
capacitance; Equation S2: Nominal capacitance of a microstructured pressure sensor; Equation S3: 
Occupied volume of the microstructured active layer; and Equation S4: Distance between the elec-
trode plates. Figure S1. Load (red) and unload (blue) capacitance of sample 1 (left) and sample 2 
(right); Figure S2. Sample 1 capacitance change (left) with sensitivity of 2.3069 kPa−1. Sample 2 ca-
pacitance change (right) with sensitivity of 1.67691 kPa−1. References [1,4–8] are cited in the supple-
mentary materials. 

Figure 1. Proposed fabrication process for the flexible pressure sensor: (a) Si carrier wafer;
(b) deposition of PDMS bottom substrate; (c) deposition of bottom Ti/Pt/Ti electrode; (d) depo-
sition of PDMS lamination layer; (e) deposition and patterning of the sacrificial molding layer;
(f) deposition and molding of the active layer; (g) deposition of top Ti/Pt/Ti electrode and sacrificial
layer etching; and (h) deposition of top PDMS substrate.

3. Discussion

Figure 2a shows the fabricated Si wafer with four 10 × 10 row–column array sensors.
In this design, the micro-cones of the active layer are situated in the electrode intersections,
limiting the crosstalk effect and allowing for spatial pressure recognition. In Figure 2b–d, it
is possible to observe the SEM images of the fabricated conical PDMS structures. When
compared with previous studies (Table S1), the monolithic approach combined with the
use of a sacrificial photosensitive molding layer proposed in this work allows for better
layer uniformity. With this method, by bypassing the need for bonding steps, we can
simultaneously miniaturize the design and guarantee similar sensing performance within
the devices. Additionally, by having control over the active layer structure, one can easily
predict the sensor’s output through simulations. In this study, the theoretical nominal
capacitance (Equation (S2)) was determined to be equal to 332 f F, whereas the average
measured nominal capacitance of a singular sensor was 248 f F. Preliminary measurement
results indicate the sensors’ sensitivity to be 2.3069 kPa−1 for sample 1 and 1.67691 kPa−1

for sample 2 (Figures S1 and S2). With this approach, scalability can be improved by
adopting established techniques widespread in the industry, such as photolithography.
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Figure 2. (a) Fabricated row–column flexible pressure sensor; (b) SEM image of the active layer with
150× magnification; (c) SEM image of the active layer with 500× magnification; and (d) SEM image
of the conical shape obtained with 2000× magnification.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/proceedings2024097105/s1. Table S1. Comparison between
recent studies; Equation (S1). Parallel-plate capacitance; Equation (S2): Nominal capacitance of a
microstructured pressure sensor; Equation (S3). Occupied volume of the microstructured active layer;
and Equation (S4). Distance between the electrode plates. Figure S1. Load (red) and unload (blue)
capacitance of sample 1 (left) and sample 2 (right); Figure S2. Sample 1 capacitance change (left) with
sensitivity of 2.3069 kPa−1. Sample 2 capacitance change (right) with sensitivity of 1.67691 kPa−1.
References [1,4–8] are cited in the supplementary materials.
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