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Electrospun Hollow Nanofiber Surfaces as Dielectric
Mediums for Highly Sensitive Flexible Capacitive
Pressure Sensors in Low-Pressure Regimes

Shaharyar Siddique™, Amit Barua, Rituporn Gogoi*, and Vipul Sharma

Abstract—Flexible capacitive pressure sensors have gained
significant attention in flexible electronics, offering extensive
material and design options for various active sensing needs.
Despite significant advances, achieving high sensitivity at very
low pressures (<5 kPa) remains a challenge. Tailoring the
dielectric layer is one of the most effective strategies to address
this issue, with recent work showing that incorporating nanos-
tructures can substantially improve sensor performance. Here,
we employ coaxially electrospun hollow nanofibers character-
ized by a high surface-to-volume ratio, enhanced air gaps,
and densely packed microstructure-nanostructure to fabricate
a highly sensitive capacitive pressure sensor. Systematic char-
acterization across varying pressure ranges revealed that the
sensor achieved superior sensitivity in the low-pressure range
(0.2-2 kPa), outperforming sensors fabricated using traditional
electrospun nanofiber dielectric layers. In particular, the sensor
exhibited a maximum sensitivity of 1.05 kPa~! at a pressure of
1 kPa. This performance gain is attributed to the hollow air core
of the fibers, which improves dielectric properties by increasing
surface area, roughness, deformability, and charge formation.
However, the sensor’s sensitivity reduces at higher pressures,
ultimately falling below that of conventional single-shell fiber-
based sensors due to the reduced influence of the air gaps within
the hollow fibers. These findings highlight the potential of hollow
fiber architectures for low-pressure-sensing applications while
also highlighting opportunities for further optimization.

Index Terms—Capacitive pressure sensor, coaxial electrospin-
ning, dielectric layer, hollow nanofibers, sensitivity.

I. INTRODUCTION

HE rapid evolution of flexible electronics has stimulated

the development of innovative sensors, especially in
capacitive pressure sensing [1], [2], [3], [4], [5], [6], [7]. The
sensitivity of these sensors depends on multiple factors, includ-
ing the properties of the conductive surfaces, the dielectric
material, and the spacing between conductive layers [7], [8],
[9]. Traditional capacitive pressure sensors commonly employ
dielectric layers made from planar surfaces with moderate
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dielectric properties, offering flexibility, ease of fabrication,
and decent sensitivity. From a design perspective, sensor
sensitivity can be enhanced by introducing nanostructures
onto conductive surfaces, dielectric layers, or both [10], [11].
Electrospinning is widely used to fabricate nanostructured
fibers [12], which exhibits a high surface-to-volume ratio [13],
[14], porosity [15], [16], and tunable mechanical and electrical
properties [17], [18]. Owing to these features, electrospun
fibers are well-suited for applications in filtration, energy
storage, and sensing technologies [17]. By applying a high
voltage to a polymer solution, electrospinning enables the
formation of continuous fibers with controlled morphology,
diameter, and composition [19]. Recently, researchers have
leveraged electrospun nanofibers for conductive layers and
dielectric layers in pressure sensors [20], [21], [22]. Notably,
traditional single-shell electrospun nanofibers can achieve
good sensitivity in low-pressure regimes by increasing surface
roughness at the microscale or nanoscale, which traps air and
enhances the sensing response. However, this sensitivity can be
further improved by employing hollow fibers, whose internal
cavities provide additional dielectric benefits and reinforce
capacitance changes under minimal loads.

To address these challenges, coaxial electrospinning, a
modification of the conventional electrospinning technique
enables the creation of more complex fiber architectures such
as core-shell and hollow nanofibers [23], [24]. In coaxial
electrospinning, two centrally aligned nozzles simultaneously
dispense a core and a sheath solution, producing fibers with a
tailored internal structure. This approach facilitates the fabrica-
tion of hollow fibers featuring an inner core and an outer shell,
which significantly enhance dielectric properties compared to
solid nanofibers. The inclusion of hollow geometries amplifies
charge storage capacity, resulting in improved performance
for precise pressure measurements in capacitive sensors [25].
Notably, the coaxial design offers substantial benefits in low-
pressure regimes, where even subtle changes in pressure can
be detected, a feat often unattainable by traditional single-shell
fibers.

In this work, we present a comparative performance analysis
of coaxially electrospun hollow fibers and single-shell fibers
as the dielectric layer in capacitive pressure sensors. Sensor
performance was evaluated in terms of sensitivity within the
low-pressure range. Two pressure sensors were fabricated: one
incorporating a hollow nanofiber surface as the dielectric layer
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and the other incorporating a single-shell nanofiber surface.
The single-shell nanofiber sensor (control) was characterized
as a reference for comparison. Following characterization, the
sensitivities of both sensors were analyzed and compared.

II. MATERIALS AND METHODS
A. Materials

To prepare electrospun nanofibers, polycaprolactone (PCL)
was purchased from Sigma Aldrich. Cellulose tape for encap-
sulation of capacitive sensors was purchased from 3M.
Connecting wires were purchased from Farnell to fabricate
electrical contacts of the capacitive sensor. Flexible ITO films
(ITO on PET, sheet resistance 60 €/sq) used during the
experiment were purchased from Sigma Aldrich. Solvents such
as dimethylformamide (DMF) and dichloromethane (DCM)
used during the experiments were purchased from Sigma
Aldrich.

B. Characterization

The electrospun nanofibers were produced using an elec-
trospinning setup (Spinbox' by Bioinicia, Spain). Optical
characterization was performed to initially check the formation
of proper fibers without beads. Optical microscope (Euromex
microscope iScope) was used in this case. High-resolution
surface analysis of hollow nanofiber scaffold was performed
using scanning electron microscope (SEM) (Thermo Scientific
Inc., Eindhoven, The Netherlands) at 2 kV with an operating
current of 25 pA. For cross-sectional characterization, the
surface was soaked in a 2% PVA solution in water and then
dried. Pressure sensor characterization was performed using
a combined interface of a texture analyzer (TA.XT.plus100C,
Stable Micro System) and inductance, capacitance, resistance
(LCR) meter (GW-INSTEK LCR-6300). A texture analyzer
(TA.XT.plus100C, Stable Micro System) equipped with a
cylindrical probe with a diameter of 10 mm was used to apply
and vary the pressure on the capacitive pressure sensors. The
relative change in capacitance of the capacitive pressure sensor
was measured using the LCR meter. A testing signal of 1 V at
1 kHz was employed for all measurements on the LCR meter.

C. Electrospinning Procedure

Electrospinning was performed to produce single-shell
nanofiber and hollow nanofibers with PCL. Single-shell or
normal nanofibers is referred to as control nanofibers and
the coaxially electrospun hollow nanofibers are referred to
as hollow nanofibers. For electrospinning single-shell/control
PCL fibers, a 12 wt% PCL solution was prepared by dis-
solving PCL (Mw 50000) in DCM and DMF with a ratio
of 1:1. The solution was stirred with a mechanical stirrer at
160-r/min overnight. The polymer solution was inserted into a
10-mL syringe; 15 kV of positive voltage was applied having
a flow rate of 1.67 uL/min. A distance of 10 cm was fixed
between the syringe needle and the collector throughout the
electrospinning process for control fibers. For electrospinning
hollow nanofibers, a 12 wt% PCL (Mw = 50 000) solution was
prepared by dissolving PCL in DCM and DMF with a ratio
of 4:1. The solution was stirred with the mechanical stirrer at
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160-r/min overnight. The polymer solution was inserted in a
10-mL syringe connected to the syringe pump as a sheath. As
a core material, silicone oil is chosen, which is connected to
the pump using a separate 10-mL syringe; 15.5 kV of positive
voltage was applied having a flow rate of 8§ uL/min for the core
material and 22 ul/min for the sheath material. A distance of
15 cm was maintained between the syringe needle and the
collector throughout the electrospinning process for hollow
fibers. Furthermore, the core needle had an inner diameter
of 0.6 mm and the sheath needle had an inner diameter
of 1.4 mm.

For control nanofibers, 12 wt% PCL solution in DCM and
DMEF (1:1) was prepared. Similarly, the solution was connected
to a 10-mL syringe connected to a pump. The solution is
pumped at the rate of 1.67 pL/min at an applied voltage of
15 kV having a collector distance of 10 cm. Moreover, all the
electrospinning was operated at 22 °C. The nanofiber scaffolds
were collected by peeling off the deposited layer from the
aluminum foil and mounting the scaffold onto glass slides.
Next, for postprocessing, the nanofiber scaffold was dipped
into diethyl ether for 15 and 30 min subsequently to ensure
the complete dissolution of silicone oil from the core to obtain
hollow nanofiber scaffold. The prepared nanofiber film was
heated at 45 °C for 1 h for drying properly.

D. Device Fabrication

To fabricate the capacitive pressure sensor, fresh, flexible
ITO films were used as the anode and cathode. The ITO films
were cut into dimensions of 1.5 x 3 cm?. The electrospun PCL
nanofibers, following postprocessing, were carefully placed
between the ITO films to serve as the dielectric layer. The
stacked assembly was then securely encapsulated using cellu-
lose tape. Copper wires were connected to both ends of the
ITO films to provide electrical contacts.

ITI. RESULTS AND DISCUSSION

Fig. 1 presents a schematic overview of the complete
fabrication process, detailing each step from the preparation
of hollow nanofiber scaffolds to the assembly of the capacitive
pressure sensor device. The process begins with the fabrication
of hollow nanofibers using the electrospinning technique,
which produces fibers with an enhanced surface-to-volume
ratio, greater deformability, and hollow internal channels [23],
[24], compared to traditional nanofibers (control nanofibers).
The capacitive pressure sensor was designed with hollow
nanofibers serving as the dielectric layer, aiming to improve
sensitivity relative to sensors utilizing control nanofibers.
Hollow PCL fibers were fabricated using the electrospinning
method described in detail in Section II. In this process,
silicone oil was used as the core material and PCL as the
sheath material. Following electrospinning, the silicone oil was
removed through a post-treatment process, resulting in hollow
internal structures.

To evaluate the surface morphology of the nanofiber scaf-
fold, high-resolution SEM was employed. The structural
topography of both the control and hollow nanofibers was ana-
lyzed at varying magnifications, as shown in Fig. 2(a) and (b).
SEM images of hollow fibers shown in Fig. 2(a) reveal the
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Fig. 1. Coaxially electrospun hollow nanofiber formation process and
capacitive pressure sensor fabrication. (a) Coaxial electrospinning setup.
(b) Dipping the electrospun nanofiber in diethyl ether to remove silicone
oil from the core. (¢) Formation of hollow fibers after removal of silicone
oil. (d) Schematic of capacitive pressure sensor made with hollow fibers as
dielectric and an image of real sensor attached to skin.

uniform deposition, with the inset image clearly illustrating the
cross-sectional core-shell structure of the hollow nanofibers.
The distinct color contrast, with brighter boundaries and darker
cores, further supports the core-shell morphology. At higher
magnifications, surface roughness on the coaxially electrospun
fibers becomes visible, which can be attributed to minor
defects on the fiber surface, as illustrated in the inset image
of Fig. 2(a). Fiber diameter distribution analysis, as shown in
Fig. 2(c), was conducted using SEM images of the control and
coaxial hollow nanofibers in ImageJ software to evaluate fiber
uniformity. The results indicate that the average diameter of
the hollow fibers is 0.89 4+ 0.05 um, while the control fibers
exhibit an average diameter of 0.43 £ 0.01 ym. The maximum
diameter observed among the control fibers is approximately
0.6 um, though such observations are relatively rare. In con-
trast, the hollow fibers exhibit diameters up to approximately
2 pum. This wider diameter indicates the hollow core present
inside the hollow nanofibers. A comparison between the hol-
low fibers’ and control fibers’ properties is mentioned in Table
S1 in the Supporting Information. However, it is noteworthy
to mention that not all the fibers have uniform cores and shell
thickness as evidenced in Fig. 2(a).

The presence of a hollow core in the nanofibers intro-
duces an additional degree of deformation freedom, making
these fibers ideal candidates for tactile sensing applications,
particularly where high sensitivity is required in very low-
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Fig. 2. SEM images of PCL hollow nanofibers and control nanofibers.
(a) PCL hollow nanofibers. Inset shows the cross-sectional image of the hollow
nanofibers. (b) PCL control nanofibers. Inset shows the magnified image of
the control nanofibers. (c) Comparison of fiber diameter distribution between
the hollow fibers and control fibers.

pressure regimes (<5 kPa). This structural feature significantly
enhances the dielectric properties of hollow fibers compared
to control fibers. The hollow air core within the hollow
fibers contributes to increased compressibility and a higher
capacitance response under low-pressure conditions. These
observations highlight the potential of coaxially electrospun
hollow fibers as superior dielectric materials compared to
traditional single-shell electrospun fibers. The hollow structure
enhances the effective dielectric constant due to the trapped
air within the core, while the robust shell maintains structural
integrity, ensuring durability, and resilience. Young’s modulus
(E) of neat, bulk PCL is 0.32-0.40 GPa at room temperature,
according to the supplier’s datasheet and published tensile
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data. For electrospun PCL mats, the effective E decreases to
35-80 MPa because of fiber porosity and orientation; these
values were used to estimate the mechanical compliance of
the dielectric layer [26], [27]. A capacitive pressure sensor
was fabricated using commercially available flexible ITO
films as the conductive surfaces and electrospun PCL hollow
fibers as the dielectric layer. The schematic of the sensor is
shown in Fig. 1(d). The sensor operates by detecting pressure-
induced changes within the active region through variations
in capacitance. These changes in capacitance occur due to
alterations in the distance between the two conductive surfaces
as the applied pressure gradually increases.

To evaluate the performance of the pressure sensor, tests
were conducted over a wide range of pressures. A texture
analyzer equipped with a cylindrical probe (10 mm diameter)
was used to apply pressure on the sensor. The analyzer was
programmed using the Exponent Connect software provided
with the instrument. Pressures ranging from very low values
to higher levels (0.2-300 kPa) were incrementally applied to
the sensor. The pressure was gradually increased over time,
and the capacitance values were recorded using an LCR meter
connected to the opposing ends of the sensor. The LCR meter
was interfaced and programmed via MATLAB to record and
visualize the capacitance data in real time.

Fig. 3(a) shows the digital image of the fabricated hollow
fiber-based flexible capacitive pressure sensor. The test setup
for pressure sensor characterization is depicted in Fig. 3(b).
The change in relative capacitance with increasing pressure
is shown in Fig. 3(c). At low pressures, the relative capaci-
tance exhibits minimal variation, whereas at higher pressures,
significant changes in capacitance are observed. The figure
illustrates that the relative capacitance increases proportionally
with the applied pressure. To analyze the AC/Cy behavior in
the low-pressure regime, extensive data points were recorded
for pressures below 1 kPa, as depicted in the inset of Fig. 3(c).

The sensitivity of the pressure sensor is presented in
Fig. 3(d). Initially, the sensitivity increases with rising pres-
sure, reaching a maximum value of 1.05 kPa~' at 1 kPa.
Beyond this point, the sensitivity declines sharply with further
pressure increase. The sensitivity was calculated using the
following equation [28], [29]:

_AC/Cy

5= AP b

where Cy is the initial capacitance, AC is the difference
between the initial and final capacitance value, and AP is the
pressure applied to the sensor.

A similar load-induced densification has been measured
directly in electrospun mats by other groups. Choong et al.
[30] and Silberstein et al. [31] observed >50% thickness loss
by 100 kPa, followed by a mechanical plateau, while pressure-
driven-flow tests showed a >60% decline in permeability
between 5 and 140 kPa as porosity collapsed. This plateau
coincides with the decline in sensitivity seen in Fig. 3(d),
confirming that structural saturation—rather than electronic
artifacts—governs the high-pressure response.

The two-region response in Fig. 3(d) mirrors trends reported
for other porous dielectrics. Large-area reviews and targeted
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Fig. 3. Hollow nanofiber-based capacitive pressure sensor characterization.
(a) Digital picture of hollow fiber-based flexible capacitive pressure sensor.
(b) Test setup for pressure sensor characterization using texture analyzer and
LCR meter. (c) Relative capacitance plotted as a function of pressure. Inset
shows the magnified graph for lower pressure range. (d) Sensitivity of the
pressure sensor. Three sensors have been tested and the graph represents the
average of the results. (e) Cyclic test when dynamically loaded with 1-kPa
pressure for 1000 cycles. (f) Magnified spectra of the cyclic test.

compression studies show that once air gaps inside a fibrous
scaffold are largely eliminated (typically above ~40-80 kPa),
further loading yields little extra densification and the device
enters a “touch-mode” regime with much smaller AC/AP [31],
[32], [33]. Our sensitivity plateau above ~50 kPa is therefore
consistent with complete or near-complete collapse of both the
hollow fiber lumina and the interfiber voids.

A cyclic test was carried out for 1000 cycles to investigate
the dynamic performance of the pressure sensor, focusing
on factors like drift, stability of capacitance variation, and
repeatability. The sensor was subjected to dynamic testing
at a low-pressure condition of 1 kPa, with a cyclic fre-
quency of 0.125 Hz. As presented in Fig. 3(e), the device
demonstrated minor initial fluctuations in signal intensity,
indicating minimal drift. Nevertheless, the overall performance
remained consistent and repeatable throughout the prolonged
operation. The magnified view of the sensor’s signal intensity
in Fig. 3(f) further highlights its stability under similar pres-
sure conditions. The 1000-cycle test at 1 kPa [in Fig. 3(e)]
exhibits around minimal signal drift, evidencing excellent
elastic recovery of the hollow fiber dielectric even though
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individual fibers may appear flattened under SEM vacuum
conditions. In addition, cyclic tests were performed for differ-
ent pressure values to check stability shown in Fig. S1 in the
Supporting Information. PCL is a well-established hydropho-
bic and biodegradable polyester known for its environmental
responsiveness. It remains structurally stable under abiotic
or sterile conditions but undergoes hydrolysis in biologically
active environments such as marine or composting systems
[34], [35]. To extend operational lifetime while preserving
biodegradability, strategies such as protective encapsulation
or embedding with dormant enzymes have proven effective,
enabling PCL-based systems to balance functional stability
and sustainable degradation [36].

The step-wise response of the hollow fiber-based capacitive
sensor was evaluated by applying a constant pressure of
1 kPa for a duration of 10 s, as illustrated in Fig. S2(a)
in the Supporting Information. The sensor exhibited a stable
change in capacitance throughout the period of applied pres-
sure, demonstrating its capability for the consistent step-wise
response. The response and recovery times, corresponding to
the initiation and release of pressure, respectively, are high-
lighted in Fig. S2(b) and (c) in the Supporting Information.
For an applied pressure of 1 kPa at a loading speed of 20 mm/s,
the response time and recovery time were calculated to be ~84
and ~162 ms, respectively. Given that both response time and
recovery time are influenced by the magnitude of applied pres-
sure and speed, additional experiments were conducted using
varying pressure and speed values. The corresponding results
are presented as histograms in the Supporting Information [see
Fig. S2(d) and (e)]. To compare the hollow fiber-based sensor
with other recently developed flexible capacitive pressure
sensors, we have included a comparison table (Table S2) in the
Supporting Information. This table highlights key parameters
such as materials, fabrication methods, sensitivity, response
time, and pressure range.

To compare the performance of the PCL hollow nanofiber-
based pressure sensor with the PCL control nanofiber-based
pressure sensor, similar tests were conducted using the PCL
control fiber-based device. A comparable pressure sensor was
fabricated using ITO films; however, in this case, the dielectric
layer was replaced with a single-shell control nanofiber that
lacked the hollow air core present in the hollow fibers. The
relative capacitance changes of the control sensor increased
with applied pressure, displaying a similar trend to the hollow
nanofiber-based sensor. The sensitivity of the control sensor
was determined and compared to the previously character-
ized hollow nanofiber-based sensor, as shown in Fig. 4. The
sensitivity of the control sensor peaked at 5 kPa with a
value of 0.54 kPa~!, which is significantly lower than the
sensitivity of the hollow nanofiber-based sensor. The histogram
in Fig. 4 illustrates that the hollow nanofiber-based pressure
sensor demonstrated superior performance, with over 90%
higher maximum sensitivity and greater efficiency in the low-
pressure range (0.2-2 kPa). Three different sensors were tested
with both the control and hollow nanofiber-based sensor. The
histogram peaks represent the average sensitivity of the control
and hollow fiber-based sensors, while the error bars indicate
the corresponding standard deviations.
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Fig. 4. Comparison of the sensitivity of the pressure sensor produced
with hollow nanofibers and control nanofibers of PCL. The histogram peaks
represent the average sensitivity and error bars show the standard deviation.

The superior performance of the hollow fibers as dielectric
layers in the low-pressure range can also be attributed to
the air-filled core, which acts as a compressible dielectric
medium. This feature enhances the capacitance response under
slight pressure variations, providing a significant advantage in
sensitivity and efficiency. In contrast, the single shell/control
fiber-based pressure sensor exhibits higher sensitivity com-
pared to the hollow fiber-based pressure sensor at higher
pressure values (4-300 kPa). This is possible because, beyond
a certain load, the hollow structure is compressed due to pres-
sure and no longer provides enhanced deformation anymore. In
that case, the sensitivity of the pressure sensor having control
fibers has more advantage due to their solid structure, which
provides greater resistance to compression at higher stress.
However, at low pressures, their limited deformability restricts
the ability to respond sensitively to tiny pressure changes,
resulting in lower sensitivity compared to hollow fibers. These
observations confirm the suitability of hollow fibers as superior
dielectric media compared to single fibers in pressure sensing
at low-pressure regimes. The hollow structure enhances the
dielectric properties due to the air core making it suitable for
detecting tiny deformation, while the structural integrity of the
shell ensures durability and resilience.

The pressure-sensing behavior can be approximated by
modeling the dielectric layers in series, each contributing a
distinct thickness (d;) and permittivity (g;). For a hollow fiber
network, we may separately account for the air inside the
hollow core (g&;,, di,), the fiber shell material (gghen, dspen),
and the air pockets between fibers (go4t, dout), as shown in
Fig. 5.

Thus, the total capacitance Ci, can be written as

L1 + : + ! ()
Ctolal Cin Cshell Cout .
Equivalently, combining the denominators leads to
A
Cotat = 77— ———- (3)

When the pressure is applied, the hollow core (inner air
layer) compresses and may expel trapped air, reducing dj, and
altering ¢&;,. Likewise, the air pockets between fibers (dyy)
undergo compression or deformation. At low pressures, the
presence of air both inside and outside the fibers provides a
large change in capacitance (high sensitivity) due to air’s low
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Fig. 6. Application demonstration of the hollow nanofiber-based capacitive
pressure sensor. (a) Touch sensor application. (b) Wrist gesture movement
detection. (c) Vocal cord movement detection during speaking.

dielectric constant (g, ~ 1) and the ease of deforming those
hollow voids.

As the load increases, however, the hollow structures col-
lapse and the air is partially expelled, reducing the overall
advantage of the hollow design and leading to a decline
in sensitivity at higher pressures. Equation (3) is used here
as a qualitative framework. Similar series-void models have
already been quantitatively validated for electrospun mats
and microstructured dielectrics [28], [29], [31]. Those studies
show that void collapse above ~5 kPa leads to a mechanical-
electrical plateau exactly the variation observed in Fig. 3(d).

To showcase the potential of hollow fiber-based pres-
sure sensor as an electronic skin (e-skin), it was tested
in various real-world applications, including tactile sensing,
human motion detection, and vocal cord vibration monitoring.
Fig. 6(a)—(c) illustrates the hollow nanofiber-based sensor
attached to different parts of the human body, effectively
functioning as a tactile sensor. Fig. 6(a) demonstrates tactile
sensing by placing the sensor on a human hand. Changes in
relative capacitance (AC/Cy) were observed for each touch,
indicating the sensor’s ability to detect tactile events. In
Fig. 6(b), the sensor mounted on a human wrist shows
consistent real-time changes in capacitance corresponding to

wrist movements. Fig. 6(c) highlights variations in capacitance
during vocal activities, such as speaking, compared to a resting
state. Additionally, to demonstrate the sensor’s applicability
in the low-pressure range, an experiment was conducted with
the sensor attached to the human throat during speaking and
whispering (see Fig. S3). Speaking corresponds to higher
pressure while whispering represents lower pressure. The
sensor successfully detected subtle pressure changes in the
throat muscles during whispering, highlighting its sensitivity
to low-pressure variations. These findings confirm the sensor’s
suitability for real-time monitoring across a wide range of
pressures and body movements, making it a promising candi-
date for medical applications (e.g., health monitoring devices,
voice signal detection, and heart rate monitoring).

IV. CONCLUSION

In summary, we have developed a highly sensitive capacitive
pressure sensor utilizing coaxially electrospun hollow fibers as
the dielectric medium. The sensor was systematically charac-
terized under varying pressure loads to evaluate its sensing
range, and cyclic tests were conducted to assess its reliabil-
ity. Notably, the hollow fiber-based sensor exhibited superior
sensitivity in the low-pressure range (0.2-2 kPa) compared to
the sensor fabricated with traditional electrospun nanofibers
as the dielectric layer. This enhanced sensitivity is attributed
to the hollow air core within the hollow fiber network, which
seems to improve dielectric properties by enhancing surface-
to-volume ratio, surface roughness, enhanced deformability,
and charge formation. However, while the sensor demonstrated
excellent sensitivity at lower pressures, a decrease in sensitiv-
ity was observed at higher pressures, where its performance
fell below that of capacitive sensors based on single-shell
electrospun fibers. This suggests the diminishing effect of
hollow air gaps with increasing pressure.
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