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A B S T R A C T

The rise of information technologies has led to the need for collecting vast amounts of multidisciplinary data 
related to human habits, social interactions, and physical activities. This demand has intensified the challenge of 
integrating rigid electronics with the flexibility of human tissue. Wearable sensors have emerged as a solution to 
detect several biometric signals from human body. Among these applications, pressure sensing is particularly 
crucial. In this work, we present a flexible, sandwich-structured pressure sensor based on a porous PDMS sponge. 
Two distinct fabrication methods were investigated with a critical analysis of their advantages and limitations. A 
templating technique using a common sugar cube as a sacrificial mold, and a molding method where a sugar- 
PDMS slurry was shaped using a predefined mold. While the templating approach offers simplicity and acces
sibility, the molding method provides greater control over geometry and customization. All fabricated sensors 
demonstrated excellent piezocapacitive performance under mechanical compression, characterized by minimal 
hysteresis during cyclic loading—an essential feature for consistent and reliable sensing. To boost sensitivity, 
silver nanoflakes were incorporated into the polymer matrix, resulting in a 65 % increase in pressure sensitivity, 
achieving up to 0.047 kPa⁻¹ , one of the highest value reached by PDMS-based foam sensors, and lowering the 
detection threshold to just 0.6 g (40 Pa). The successful implementation of these sensors in wearable formats 
underscores their potential as lightweight, scalable, and cost-effective platforms for continuous biometric 
monitoring in real-world applications.

1. Introduction

The recent development of Information Technologies requires to 
collect a large amount of multidisciplinary data derived from humans’ 
habits, social life and physical activities. Consequently, the need for new 
ways to interface rigid electronic devices with soft and flexible human 
tissues has drastically grown. Nowadays, wearable sensors and devices 
constitute the link between the two realms. Wearable devices have such 
a pervasive and widespread range of applications thanks to the ability to 
be suitable for a lot of different scenarios and to detect and monitor a full 
range of signals, from heart rate to anxiety. Among them, pressure is a 
crucial physical quantity to be sensed in real-time health monitoring 
[1–4].

A variety of feasible transduction mechanisms of pressure and, in 
general, of mechanical stimuli have been explored so far, such as pie
zoresistivity [5–8], piezocapacity [9,10], piezoelectricity [11,12] and 
triboelectricity [13,14]. Capacitive pressure sensors have attracted more 
interest compared to other types of sensors such as resistive, 

piezoelectric and triboelectric, thanks to their simple structure, low 
fabrication cost, low power consumption, high sensitivity, good dy
namic response performance and strong adaptability to harsh conditions 
such as high temperature, radiation and strong vibration [15,16]. For 
capacitive pressure sensor a highly deformable dielectric layer is the 
crucial component for enhancing the sensitivity [15,17]. Promising 
candidates for this task are the hydrogels, 3D crosslinked networks of 
hydrophilic polymers capable of retaining large volumes of water. They 
are either chemically or physically crosslinked and possess highly 
tunable structural and mechanical properties that can be tailored to the 
specific requirements of flexible pressure sensors [18]. Water evapora
tion is one of the main issue with hydrogels since they become dry and 
losses their physical properties, while the other great challenge with 
conductive hydrogels is to overcome the incompatibility between me
chanical elasticity and high electrical conductivity [19].

Sponges made up of porous polymers are an interesting alternative to 
hydrogel. The porous structure lends flexibility and lightweight without 
the risk to lose the physical and mechanical properties over time. 
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Moreover, they merge an high pressure sensitivity with a wide sensing 
range, because of the softness guarantee by the porous structure. Porous 
polymer foam has been prepared following different approaches. Most 
commons are based on the use of preformed templates infiltrated with 
uncured polymer, such as sugar cubes [20–24], but also the use of salt 
and sugar powder as filler to be later removed [25–27] or emulsion 
based on liquid templates [28–30] has been investigated, together with 
more exotic technique such as infiltration into natural or synthetic 
sponges [31–33] and microfluidic emulsion approach [34]. Porous 
structures have also the possibility to load huge amounts of filler to 
modify the dielectric or conductive properties of the sponge with the 
goal to increase pressure sensitivity [35,36].

In this study, we developed a high-performance piezocapacitive 
wearable pressure sensor utilizing a polymer sponge as a soft, 
compressible dielectric material. Polydimethylsiloxane (PDMS) was 
selected as the base polymer and rendered porous via two distinct 
fabrication strategies. The first method used a sugar cube templating 
technique, where PDMS precursor infiltrated the template by capillary 
action. The resulting porous sensors exhibited a pronounced piezoca
pacitive response under compressive stress, which was significantly 
enhanced by the incorporation of silver nanoflakes. These sponge-based 
sensors demonstrated excellent mechanical stability, high reproduc
ibility, and negligible hysteresis, alongside an exceptionally low limit of 
detection (LOD), key parameters for reliable pressure sensing. To over
come limitations in shape control imposed by the cubic sugar templates, 
we adopted an alternative method using sugar powder. By directly 
mixing sugar powder with liquid PDMS and casting the mixture into 
molds, we fabricated flexible, mold-conforming foams. After curing and 
sugar removal, the resulting sensors retained precise geometries and 
superior mechanical flexibility. Notably, the molded PDMS foams 
loaded with silver nanoflakes outperformed the templated counterparts, 
achieving a twofold increase in pressure sensitivity (0.047 kPa⁻¹) and 
lowering the LOD to just 0.6 g (40 Pa), among the highest sensitivities 

reported for PDMS-based capacitive pressure sensors. These exceptional 
properties underscore the potential of our sensors for integration into 
next-generation wearable and flexible electronic devices.

2. Materials and methods

2.1. Templating method

Samples were prepared using bi-component PDMS (Sylgard-184 
from Dow Corning), silver nanoflakes (average size 4–8 μm, Sigma 
Aldrich) and sugar cubes acquired from food market. The main steps to 
prepare a PDMS sponge sensor are sketch in Fig. 1a. PDMS base elas
tomer and curing agent are mixed in 5:1 or 10:1 ratio in a beaker and are 
manually stirred with a metallic spatula for 2 min. For composite sam
ples, Ag flakes were added to the PDMS solution at this point. The 
mixture was then degassed in a container connected with a vacuum 
pump for 15 min to remove incorporated air bubbles. At this stage a 
lump of sugar is soaked by half in the blend and placed again in vacuum 
container for 15 min to facilitate the liquid PDMS mixture to totally fill 
the inner pores of the sugar cube. The process is repeated for the other 
half of the cube and then the sample is inserted into an oven (Memmert) 
at 60◦C for 1 h to cure the PDMS. After curing, the cube is submerged in a 
beaker full of deionized water at 60◦C for 30 min in order to dissolve the 
sugar template. The water is kept in constant agitation by a magnetic 
stirrer to facilitate the complete dissolution of sugar template which 
results in a porous PDMS (pPDMS) foam with pore sizes comparable to 
those of the sugar grains of the template. The as-prepared pPDMS is 
finally washed a couple of times with DI water and dried into the oven at 
60◦C.

2.2. Molding method

The uncured PDMS and the sugar powder were directly mixed to be 

Fig. 1. a) Sketch of the templating method to obtain PDMS sponge sensor with a scheme of PDMS infiltration in the sugar cube and b) sketch of the molding method.
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poured in a case. First of all, base elastomer and curing agent were mixed 
in 5:1 ratio and degassed. Later, commercial white sugar powder was 
added in a 3:1 wt ratio with respect to the uncured PDMS. For composite 
samples, Ag flakes were added to the blend at this point. The paste was 
vigorously stirred by hand for a couple of minutes to reach a sufficient 
degree of homogeneity and to avoid PDMS sediment. Thereafter, the 
mixture was poured on a mold, compacted, and cured in the oven at 
60◦C for 2 h. After the curing process, the sugar was washed away 
through a deionized water bath in a magnetic stirrer (60◦C, 30 min) and 
the resulting molded porous foam was washed and dried. The main steps 
are summarized in Fig. 1b

2.3. Characterizations

The pressure sensors were assembled cutting PDMS foam in piece of 
3 mm thickness and 1 cm2 area and coupling with polyimide-copper 
foils as electrodes. Electromechanical performances of porous sensors 
were evaluated by means of compressive tests (at velocity of 
10 mm min− 1) using a universal testing machine (FZ3- X500) while 
measuring electrical capacitance with a LCR meter (BK precision 894). 
For all the electrical measures a voltage amplitude of 500 mV and a 

testing frequency of 300 kHz were used. Relative capacitance variations 
(ΔC/C0) were computed according to the following formula: 

ΔC
C0

=
C(t) − C0

C0 

where where C is the capacitance measured at a certain time t and C0 is 
its value when sample is not subjected to any load. Sensitivity (S) was 
evaluated using: 

S =

ΔC
C0

p 

where p is the pressure applied to the sample. Limit of detection was 
extracted with static test performed with calibration weights.

Electron microscope characterization was performed by Field Emis
sion Scanning Electron Microscopy (FESEM, Zeiss Supra 40).

3. Results

Polymeric PDMS foam was produced using two different approaches. 
The first is a casting method with sugar cubes as a template (scheme in 
Fig. 1a). Sugar cubes were dipped into uncured PDMS and placed in a 

Fig. 2. a) Image of sugar cube and PDMS foam obtained by templating method. b) Scanning Electron Microscope (SEM) image of PDMS foam highlighting the porous 
structure of the foam. c) Compressive stress-strain and d) piezocapacitive curves of PDMS sponge prepared by templating approach with different PDMS copolymer to 
curing agent ratio. e) Capacitive response of Bare 5:1 PDMS foam under compressive pressure applied at different velocities. f) Piezocapacitive response of bare PDMS 
sponge sensor under ten cyclic compression cycles as function of pressure. g) Porous sensor response under 2000 compressive cycles at 320 kPa. h) Relative 
capacitance response time and recovery time of the PDMS sponge under a compressive stress of 50 kPa.
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vacuum container to facilitate the polymer infiltration in the space 
among the sugar crystals. Uncured PDMS excess was removed from the 
cubes surfaces to avoid the formation of a polymeric layer on the surface 
which prevents the accessibility of the pore. After thermal curing, the 
sugar was dissolved into deionized water leaving a polymeric porous 
structure. The advantages of this approach lay in its simplicity and 
reproducibility of the process to obtain polymeric foams, while the 
limitation resided in the shape of the final sample which is restricted to 
the starting sugar cube. With the aim of decoupling the shape of the 
sponge from that of the cubic sugar template a second approach based 
on a molding method (Fig. 1b) was used. In this approach, white sugar 
powder and uncured PDMS were mixed together in a 3:1 ratio by weight. 
The blend was then poured in a mold and cured to reach polymer 
reticulation. The sample was then demolded and the sugar dissolved in 
hot water bath leaving the final foam with desired shape.

Given that the polymeric foam can act as a highly deformable 
dielectric under mechanical stress, the prepared samples can work as 
pressure sensors exhibiting piezocapacitive properties. These properties 
were tested using mechanical compression cycles applied with a uni
versal testing machine coupled with electrical impedance measurement. 
Firstly, the polymeric foam prepared with templating approach were 
tested. Fig. 2a and b show that the foam shape is strictly dependent on 
the sugar cube template used and evidence how the PDMS is able to 
infiltrate in the space among sugar crystals. Foam samples were pre
pared using 5:1 and 10:1 ratio of PDMS copolymer to curing agent to 
understand the role of the different mechanical properties of the poly
mer (i.e. higher content of curing agent will increase the rigidity of the 
bulk polymer). Stress-strain curves (Fig. 2c) evidence how the me
chanical properties are similar for both foams since the porous structure 
dominates over the mechanical properties of the polymer, especially for 
lower deformation values. PDMS sponge sensors showed an increase in 
electrical capacitance under compression (Fig. 2d), due to the reduction 
in thickness. Both 5:1 and 10:1 foams showed the same behavior, thus 
for all the following samples presented in this work a 5:1 ratio of PDMS 
copolymer to curing agent was chosen due to the low viscosity of the 
mixture before polymerization, which facilitated the infiltration process 
into the pores of the sugar cubes. The porous structures easily deform 
under mechanical compression, resulting in a notable capacitance in
crease even at low pressures. The relative capacitance variation curve is 
not linear across the entire range but tends to grow slowly under higher 
pressures. This trend is expected and relates to the relationship between 
applied stress and induced deformation as shown in Fig. 2c. The PDMS 
sponge exhibited significant deformation under low stress because the 
pores close with low mechanical resistance. As the pores close 
completely, the mechanical resistance increases, and higher pressure 
results in only slight deformation. Low applied stress values are more 
relevant for wearable sensing, as this pressure range is typical in human- 
related applications [37]. The sensor’s sensitivity in the 0–50 kPa range, 
where our sensor exhibits a linear trend with a slope of 0.014 kPa− 1, a 
value comparable to the sensitivity reported for porous sensors prepared 
using the template approach, whether operating via piezoresistive or 
piezocapacitive mechanisms [36,38,39]. Moreover, the sensors 
demonstrated excellent response stability and repeatability. This 
behavior is evidenced by the piezocapacitive analysis under different 
applied compression velocities and by the cyclic characterizations. 
Fig. 2e shows that sensor response is independent on the velocity of 
applied stress since the transfer curves completely overlap. At the same 
time the relative capacitance variation curve under ten compressive 
cycles shows a very good repeatability (Fig. 2f) and overlap of different 
cycles with almost negligible hysteresis. Excellent stability of foam 
response is observed also for a higher number of cycles (Fig. 2g). This 
behavior is attributed to the mechanical properties of the sensor, as the 
porous structure of the foam reduces the viscoelastic behavior of the 
PDMS polymer within the investigated pressure range. Moreover, the 
PDMS foam shows also a fast response to the applied strain, with 
response time and of recovery time below 500 ms (Fig. 2h), fundamental 

properties for sensing applications.
To enhance the sensor’s sensitivity, we explored the effect of incor

porating a metallic filler into the polymer foam, which influenced both 
its mechanical and electrical properties. Silver nanoflake powder was 
added to the PDMS mixture before the sugar cube infiltration step at 
concentrations of 5 %, 10 %, 20 %, 40 %, 60 %, and 80 % by weight 
relative to the polymer. As the silver nanoflake concentration increased 
from 5 wt% to 80 wt%, the resulting sponges progressively darkened in 
color (Fig. 3a). However, the 80 wt% sample exhibited multiple struc
tural voids due to the high viscosity of the precursor solution, which 
prevented effective capillary infiltration. Consequently, portions of the 
template remained composed solely of sugar, which were entirely 
removed during the template dissolution step. Due to these structural 
inconsistencies, the 80 wt% sample was excluded from electromechan
ical testing. Piezocapacitive characterizations (Fig. 3b) revealed that the 
relative capacitance variation increased with higher silver nanoflake 
content. Sensor sensitivity was evaluated across three pressure ranges 
(0–50 kPa, 50–150 kPa, and 150–250 kPa), where all samples displayed 
a linear response. Sensitivity was highest in the low-pressure range but 
decreased at higher pressures. This behavior corresponds to the stress- 
strain response of the porous foams. At low applied stress, the mate
rial undergoes significant deformation due to pore compression, 
whereas at higher stress levels, all pores are fully compressed, and only 
the polymer itself deforms. Across all pressure ranges, sensitivity 
increased with silver nanoflake content (Fig. 3c). The 60 wt% sensor 
achieved a sensitivity of 0.023 kPa⁻¹ , marking a 65 % improvement 
over the bare PDMS sponge sensor. Previous works demonstrated that 
the addition of filler in porous polymeric structure improved the sensi
tivity in the piezocapacitive effect [40,41]. In this composite foam, 
increasing the filler content leads to a rise in the dielectric constant due 
to enhanced interfacial polarization between the conductive silver 
nanoflakes and the insulating PDMS matrix (or air). This increase in 
dielectric constant, derived from capacitive measurements using the 
parallel plate capacitor model, correlates directly with an improvement 
in pressure sensitivity. This relationship is evidenced by the overlapping 
trends of the two parameters shown in Fig. 3d. Cyclic testing demon
strated stable device performance with negligible hysteresis, even in 
composite foam sensors. In addition to sensitivity to applied stress, 
another key figure of merit for pressure sensors was analyzed. The limit 
of detection (LOD), defined as the minimum detectable weight with 
sufficient confidence, was determined using the sensor’s response curve 
under extremely low applied pressures and the noise level of the elec
trical signal. It was calculated as three times the uncertainty of the zero 
pressure signal, a standard threshold used in spectroscopy to confirm 
resonance peaks and in biological assay statistics to validate data points 
(three times the standard deviation) [42–44]. While the LOD did not 
show a clear correlation with silver nanoflake concentration, it 
remained around 1 g (60 Pa) for all devices. These results highlight the 
potential of PDMS-decorated sponge sensors for detecting small pres
sures with high sensitivity.

The templating method, combined with the addition of silver fillers, 
successfully enabled the fabrication of highly sensitive pressure sensors. 
However, the main limitation of this approach lies in the geometric 
constraints imposed by using sugar cubes as templating structures. To 
overcome this restriction, a molding approach was explored for creating 
porous capacitive sensors, and devices fabricated using both methods 
were compared. Using the molding approach (Fig. 1b), foam-based 
sensors with various geometries were produced, both with pure PDMS 
and PDMS filled with silver nanoflakes. For this method, only 40 wt% 
and 60 wt% silver nanoflake concentrations were used, as previous 
characterization of templated samples indicated that foam sensitivity 
increase with filler content and these concentrations yielded the highest 
sensing response. Similar to templating approach, 80 % filler results in 
multiple structural voids in the final material, as the high viscosity of the 
precursor solution at this level prevented effective capillary infiltration. 
Fig. 4a presents an example of a dumbbell-shaped structure created 
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through molding with 60 wt% Ag-NFLs content, while SEM images 
highlight the porous structure and the uniform dispersion of the filler 
within the PDMS matrix. The piezocapacitive response of the molded 
foams closely resembled that of the templated samples. Sensitivity 
increased with the addition of silver nanoflakes (Fig. 4b), and cyclic 
deformation tests showed no hysteresis in the electrical signal (Fig. 4c). 
Sensitivity was evaluated across three pressure ranges, with the molded 
sample reaching a maximum value of 0.047 kPa⁻¹ for the 60 wt% 
composition in the low-pressure range. This sensitivity represents one of 
the higher values present in the literature for capacitive sensors using 
porous PDMS as dielectric layer, as evidences in the literature 

comparison shown in Table 1.
A final comparison between the two fabrication approaches was 

conducted using both bare PDMS samples and composite foams con
taining 60 wt% silver nanoflakes. By analyzing the piezocapacitive 
curves and sensitivity (Fig. 5a–b), it was observed that the bare PDMS 
foams exhibited similar responses and sensitivities, regardless of 
whether they were produced via templating or molding. However, for 
composite foams, the molding approach led to a significant improve
ment in sensitivity, yielding nearly double the response compared to the 
templating method. This enhancement is attributed to the presence of 
larger pores in the molded foam structures, resulting from the 

Fig. 3. a) Image of PDMS foam prepared by templating method decorated with different concentration of silver nanoflakes (NFLs). b) Piezocapacitive response under 
applied compressive pressure of porous sensors prepared by templating approach with different concentration of Ag nFL. c) Sensitivity in the three different analyzed 
pressure ranges of the different foam sensors prepared by templating approach. d) Comparison of dielectric constant and pressure sensitivity in the 0–50 kPa range of 
the foam sensor the foam sensors prepared by templating method with different concentration of Ag nFL. e) Piezocapacitive response of the different sponge sensors 
under ten cyclic compression cycles as function of time. f) Piezocapacitive response of bare PDMS foam sensor prepared by templating approach when compressed 
with small weight. The curve is used to compute the limit of detection of the sensors. g) Limit of detection (LOD) of the foam sensors prepared by templating method 
decorated with different concentration of Ag nFL. Red dot line evidence the LOD of 60 Pa.

G. Mogli et al.                                                                                                                                                                                                                                   Sensors and Actuators: A. Physical 392 (2025) 116734 

5 



aggregation of sugar crystals during processing, as well as the lower 
uniformity in sugar dispersion compared to the consistent structure 
provided by sugar cubes in the templating method. To validate this 
hypothesis, a morphological analysis was conducted on 60 wt% Ag-NFLs 
templated and molded foams using electron microscopy to assess pore 
size distribution. The average pore size in the templated sample was 
found to be 415 ± 124 µm, whereas the molded foam exhibited a larger 
average pore size of 658 ± 176 µm. Both foams showed significant 
variability in pore size, primarily due to the non-uniform dimensions of 

the initial sugar crystals and the complex geometry of the pores, which 
complicates visual analysis. Nonetheless, the consistently larger pore 
size observed in the molded samples is likely responsible for the higher 
pressure sensitivity exhibited by this foam sensor. Under equivalent 
compressive loading conditions, foam-based sensors with larger pore 
diameters undergo greater compressive strain relative to those with 
smaller pores, due to their intrinsically lower Young’s modulus. This 
increased mechanical deformation yields a more substantial reduction in 
the dielectric layer thickness, thereby resulting in a more pronounced 

Fig. 4. a) Image of a dumbbell PDMS foam prepared with molding method with 60 % concentration of silver nanoflakes (nFL). SEM image shows the homogeneous 
dispersion of Ag nFL in the PDMS matrix. b) Piezocapacitive response under applied compressive pressure of porous sensors prepared by molding approach with 
different concentration of Ag nFL. c) Piezocapacitive response of the different sponge sensors prepared by molding technique under ten cyclic compression cycles as 
function of time. d) Sensitivity in the three different analyzed pressure ranges of the different foam sensors prepared by molding approach.

Table 1 
Comparisons of different capacitive pressure sensors using porous PDMS as the dielectric layer.

Dielectric Material Foam fabrication method Electrode Sensitivity Pressure range References

Porous PDMS/Ag nanoflakes Molding with sugar powder PI-Cu 0.0473 kPa− 1 

0.0182 kPa− 1 

0.0102 kPa− 1

0–50 kPa 
50–150 kPa 
150–250 kPa

This work

Porous PDMS/Ag nanoflakes Sugar cube template PI-Cu 0.023 kPa− 1 

0.0154 kPa− 1 

0.01 kPa− 1

0–50 kPa 
50–150 kPa 
150–250 kPa

This work

Porous PDMS CO2 liberation Ag-TPU 0.0107 kPa− 1 

8.4 MPa− 1 

3.2 MPa− 1

0–20 kPa 
20–200 kPa 
200–1000 kPa

[46]

Porous PDMS Emulsion Al and Cu 0.18 kPa− 1 0–400 kPa [15]
Porous PDMS Leaf and sugar template MWCNT/PEDOT: PSS 1.12 MPa− 1 

0.36 MPa− 1
0–300 kPa 
300–800 kPa

[47]

Porous PDMS/BaTiO3 Emulsion PEDOT: PSS/AgNWs 5.7 MPa− 1 0–90 kPa [48]
Porous PDMS Ammonium bicarbonate template PEDOT: PSS/AgNWs 5.5 MPa− 1 0–170 kPa [25]
Porous PDMS Sugar cube template MWNT/PEDOT:PSS 1.2 MPa− 1 

0.86 MPa− 1 

0.36 MPa− 1

0–300 kPa 
300–800 kPa 
800–1200 kPa

[20]

Porous PDMS Molding with sugar powder ITO 0.01097 kPa− 1 10–100 kPa [49]
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increase in capacitance. These improvements were also reflected in the 
limit of detection (LOD), which was lower for the molded samples, 
reaching a value of 0.6 g, corresponding to 40 Pa (Fig. 5c).

The potential application of the prepared foams as wearable sensors 
was demonstrated by assembling a 60 wt% Ag-NFLs molded foam device 
with polyimide-copper foil electrodes in a sandwich configuration. The 
device was mounted on different parts of the body to assess its ability to 
detect various biometric signals. When placed on a finger, the sensor 
effectively monitored different bending angles, producing a stable signal 
over time with good repeatability, as indicated by the consistent 
response to identical bending angles (Fig. 5d). More notably, the sensor 
also demonstrated the ability to detect biometric signals characterized 
by subtle motions. When attached to the wrist of an adult male, it suc
cessfully measured the peripheral pulse wave, showcasing its potential 
for real-time health monitoring. As illustrated in Fig. 5e, the sensor 
accurately captured the pulse wave’s shape, with characteristic points 
matching those reported in previous studies [45], confirming its capa
bility to track heart rate. Additionally, when positioned on the throat, 
the sensor detected the minute vibrations of the vocal cords during 
speech. The capacitive signal patterns remained consistent when the 
same word (e.g., "hello") was pronounced, with each syllable corre
sponding to a distinct signal peak (Fig. 5f). These findings suggest that 
the tactile sensor could serve as an alternative to microphones for speech 
recognition, particularly in noisy environments where traditional 
audio-based methods are unreliable.

4. Conclusion

In summary, a piezocapacitive wearable pressure sensor made from a 
soft, flexible polymer sponge was developed and studied. The PDMS 
sponge, enhanced with silver nanoflakes, was fabricated using two 
different approaches, a templating method, which involved capillary 
infiltration of the precursor solution into sugar cubes, and a molding 
method, where a slurry of sugar and uncured PDMS was cast into shape. 

While the templating approach offers simplicity, it is constrained by the 
geometry of the template. This limitation is overcome by the molding 
method, which also provides greater sensitivity to applied pressure. The 
resulting sensors exhibit a piezocapacitive response, with compressive 
pressure sensitivity in the 0–50 kPa range, reaching up to 0.0473 
kPa⁻¹ for molded foam with a 60 wt% concentration of silver nanoflakes. 
Additionally, the sensors achieve an impressive limit of detection (LOD) 
of 0.6 g (40 Pa). When tested as wearable devices, these sensors 
demonstrated their potential for lightweight, easily manufacturable 
applications capable of monitoring biometric signals in real-time.
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(M) methods. b) Sensitivity in the three different analyzed pressure ranges and c) limit of detection (LOD) of the different foam sensors. Red dot line evidence the LOD 
of 40 Pa. d) Relative capacitance variation of the T_60 % foam sensor while increasing and then decreasing finger bending angles. e) Heart pulse wave sensed from 
the wrist and its main features evidenced in the inset (Pd = diastolic pressure, Ps = systolic pressure, Pi = inflection point, Dn=dicrotic notch) f) Monitoring of vocal 
cords vibrations when “hello” is repeatedly pronounced.
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1.4 – D.D. 1032 17/06/2022, CN00000022).

Data availability

Data will be made available on request.
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