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Abstract:

Elastic hydrogels have recently attracted remarkable attention because of their unique
mechanical and stimulus-responsive properties. In this work, we develop a novel elastic
supramolecular hydrogel for wearable pressure sensors by photocrosslinking polyacrylamide
(PAAm) through covalent bonds and hydrogen bonds as well as ionic bonds in the presence of
poly(acrylic acid) and Ca**. Gold nanowires (Au NWs) were homogeneously mingled with
the PAAm hydrogel to attain a conductive composite hydrogel. Using an in-house optical
maskless exposure technology, printable piezoresistive pressure sensors were quickly
fabricated by directly patterning the composite hydrogel into micro-ribs on flexible electrodes.
The pressure sensors with micro-rib structures exhibited a bimodal contact mode between Au
NWs, which provided a new pathway to engineer the sensor’s sensitivity and operation range.
In the experiments, the pressure sensor with optimized micro-rib structures showed not only
ultrahigh sensitivity (i.e. 3.71 kPa-1 in the pressure range of 0-2.8 kPa) but also low detection
limit (i.e. 0.2 Pa) and long-term stability. A flexible hand-shape electrode device and an
arterial pulse monitoring sensor have been demonstrated to reveal the potentials of such a

pressure sensor on wearable device applications.
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1. Introduction

Flexible electronic devices, with the ability of transducing physical clues, such as pressure,!]
humidity,! strain,®) and temperature!® into electrical signals, have attained remarkable
progress in recent years.”] In particular, flexible pressure sensors have been paid dramatic
attention to because of their broad applications in biomedical devices,'S! artificial
intelligence,!”) wearable electronics,'®® and so on. For instance, organic thin-film transistor
(OTFT)-based pressure sensors!'® > ] have been demonstrated to measure human wrist pulses
for personalized healthcare applications. However, the structures of OTFTs are relatively
complex, which makes their fabrication process rigid and costly. Therefore, there is still
enduring enthusiasm to develop new wearable pressure sensors to enhance their merits, such
as high sensitivity, wide operation range, flexibility, economic fabrication and deployment
[7¢c]

costs.

Several mechanisms have been used to fabricate pressure sensors, such as
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piezoelectricity,® 1% capacitance,['> '* "I triboelectricity,!'?! and piezoresistivity.!
Among them, piezoresistivity-type pressure sensors have the advantages of simple structure,
low-cost, and convenient read-out, and thus have been drawn incredible attention to the
development of flexible devices. To sustain large deformation, this type of flexible pressure
sensor is commonly fabricated by elastic polymer materials, such as polydimethylsiloxane
(PDMS),[1e 133l polyurethane (PU),['™ and even polypyrrole (PPy).l'Yl Although such devices
have shown their impressive performances, the sensitivities of those sensors are still not very
high and/or their operation ranges are not wide enough for many applications.®®! For example,
the pressure sensor fabricated by Park et al.!'®l using Au-coated PDMS as the active matrix
has a sensitivity of 2 kPa™! under a pressure lower than 220 Pa. When the pressure increases
above 220 Pa, its sensitivity starts to drop, and it will eventually reach saturation when the

pressure reaches 3.5 kPa. Based on quantum tunneling effect, Lee et al.'Ml demonstrated a

pressure sensor using a PU matrix mixed with sea-urchin shaped metal nanoparticles, and
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improved the sensitivity to 2.46 kPa'. However, its high sensitivity can be achieved only
when the pressure is lower than 1 kPa. It will decrease to 0.055 kPa! when the applied
pressure is above 10 kPa.

One of the promising solutions to this issue is to adopt elastic hydrogels, which have
significantly lower modulus of elasticity, for flexible pressure sensing applications. Using
hollow-sphere microstructured PPy hydrogel, Bao’s group!'d achieved a remarkable leap of
sensitivity to an unprecedently high level of 133.1 kPa'. However, the high sensitivity can
only sustain at the pressure up to 30 Pa. It will decrease significantly to 0.05 kPa"! when the
pressure goes above 10 kPa. Therefore, a remaining challenge is how to develop flexible
pressure sensors with both high sensitivity and wide operation range. This problem might be
solved by using hydrogel with high stretchability and toughness. Suo’s group!'¥l demonstrated
a novel polyacrylamide (PAAm) composite hydrogel with excellent elasticity due to the
double network formed by both covalent and ionic bonds. Based on the superior elastic
property of PAAm composite hydrogels, Duan et al.['**! demonstrated a pressure sensor using
a PAAm-based conductive elastic hydrogel through polymerization of acrylamide and aniline
in the swollen chitosan microspheres colloid. The sensor exhibits a very wide response range
of 0.1 to 600 kPa. However, its sensitivity is not high, i.e. 0.35 and 0.03 kPa™! in the pressure
ranges of 0 - 1.5 and 1.5 - 10 kPa, respectively.

To achieve both high sensitivity and wide operation range, herein, we develop a flexible
pressure sensor by using an elastic supramolecular hydrogel with micro-rib structures. A
novel PAAm-based supramolecular hydrogel with three kinds of bonding forces, which make
the hydrogel saliently elastic, was prepared through a controlled UV polymerization process.
Gold nanowires (Au NWs) were mixed to make the elastic hydrogel conductive and suited to

soft electronics.[!’]

Moreover, an optical maskless exposure technology was used to
simultaneously control the crosslinking degree of the hydrogel and micropattern the hydrogel

into micro-rib structures to regulate the hydrogel’s mechanical and conductive properties for
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pressure sensing. We will demonstrate that such an Au NWs/PAAm composite hydrogel can
be in situ printed on electrodes to quickly fabricate high-performance wearable pressure

sensors with good performances in terms of both sensitivity and operation range.

2. Results and Discussion

2.1. Micropatterning of Elastic Hydrogel

Figure 1a shows the scheme of photopolymerization process to form an elastic
supramolecular hydrogel by using acrylamide (AAm) monomer and other components with
UV light (details about the photopolymerization process are given in the experimental part).
Although crosslinked PAAm hydrogels are usually fragile, their mechanical properties can be
greatly improved after introducing secondary bonding forces.!!3% %161 In our design, the AAm
is photopolymerized with photoinitiator (Irgacure 2959) and crosslinked by the crosslinker
(N,N-methylenebisacrylamide, MBA) to form a three-dimensional (3D) network through
covalent bonds. Meanwhile, PAAm chains form a double-network hydrogel with poly(acrylic
acid) (PAA) via hydrogen bonds. Moreover, PAA chains are simultaneously connected with
Ca’" by electrostatic force (ionic bond), which further enhances the mechanical strength of the
PAAm composite hydrogel. Figure 1b illustrates the PAAm composite hydrogel under
pressing. It can be recovered to the original shape after releasing the compression. Figure 1c
shows the three kinds of bonds in the composite hydrogels, including covalent bonds, ionic
bonds, and hydrogen bonds. The composite hydrogels own the elastic property after photo-
annealing due to reversible breaking/bonding of ionic bonds and hydrogen bonds with and
without pressure.['* 1! Figure S1 illustrates the elastic properties of the composite hydrogel

with different photo-annealing times.
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Figure 1. (a) Schemes of photopolymerization and crosslinking of AAm solution; (b) the
shape changes of the elastic PAAm composite hydrogel under pressing or after releasing; (c)
three kinds of bonds in the composite hydrogel: covalent bond between PAAm, hydrogen
bond between PAAm and PAA, and ionic bond between PAA and Ca®".

The photocrosslinkable property of the solution makes the hydrogel printable via an
optical maskless exposure technology for microstructure and device fabrication.!'” Figure 2
illustrates the laser scanning confocal microscope images of the fabricated microstructures of
the PAAm composite hydrogel. Figure 2a is a logo of The Hong Kong Polytechnic University
(PolyU) and Figure 2b is a Chinese character which means best wishes and happiness. Figure
2c and 2d show arrays of micropillars and microtubes. All these microstructures were rapidly
micropatterned by an in-house optical maskless exposure setup with a UV light source. The
heights of all microstructures are around 105 pm (Figure S2). The remarkable height is
attributed to the high photo-reactivity of AAm monomers and transparent properties of the
composite hydrogel. The printable properties of PAAm composite hydrogels make them

highly flexible for microdevice design and fabrication.
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Figure 2. Laser scanning confocal images of the micropatterned PAAm composite hydrogel
microstructures: (a) PolyU logo; (b) a Chinese character; (c) micropillars array; and (d)
microtubes array.

2.2. Pressure Sensor Design and Working Mechanism

Scheme 1a shows the fabrication processes and working principle of the pressure sensor using
PAAm composite hydrogel. AAm mixed solution was firstly dipped onto two electrodes.
Then, an optical maskless exposure technology was applied to micropattern the hydrogel into
micro-ribs on the target position. For such a photopolymerized composite hydrogel,
crosslinked PAAm, PAA, and Ca*" contribute to the elastic property, while Au NWs lead to
the conductivity. Particularly, covalent crosslinked PAAm network plays an essential role in
preserving the initial state of 3D hydrogel structure, while the dissociation/association of
hydrogen bonds and ionic bonds are in favor of the energy dissipation,!!* '®! and thus

promote the elasticity of the composite hydrogel.
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Scheme 1. Fabrication processes of the pressure sensor using PAAm composite hydrogel (a)
and its working mechanism based on the bimodal contact mode of Au NWs (b).

The pressure sensing mechanism of the device is shown in Scheme 1b. Au NWs take
crucial roles in the device: the pressure leads to tightly contact between Au NWs and thereby
causes the increase of electrical current because of the reduction in the resistance of
conductive hydrogels.') Furthermore, the micro-rib structures make the device behave
distinctly to bulk hydrogel-based pressure sensors.!'¥! When the micropatterned hydrogel is
under relatively low pressure, the hydrogel elastically deforms with respect to the applied
pressure where the voids between micro-ribs promote the hydrogel’s elasticity and minimize
the problems caused by viscoelastic behavior.[!'2l If the hydrogel is further pressed, the
induced change of deformation will becomes less significant due to the increased elastic
resistance of the hydrogel materials as well as the structural interactions of the micro-ribs. A
peculiar phenomenon arising from the micro-rib structure is that the pressure induced
transverse expansion of micro-ribs will lead to the contact of Au NWs between adjacent
micro-ribs and thereby cause an increase of current signal.[': ! 18] This between-rib contact
mode provides a novel strategy to maneuver the sensitivity and operation range of the

hydrogel-based pressure sensor.



2.3. Pressure Sensing Properties of Micropatterned Elastic Hydrogel

In the experiments, the pressure sensors with the micro-ribs of different widths ranging from
100 to 400 um were fabricated and tested. The sensors with the micro-rib widths of 100, 200,
300, and 400 pm were labeled as sensor-1, sensor-2, sensor-3, and sensor-4, respectively.
Another device without micro-rib structure, named as sensor-0, was fabricated for comparison.
All sensors were photo-annealed with a UV lamp for 30 minutes to gain moderate elasticity
(Figure S1). The widths and heights of the sensors are given in Figure S3. It can be seen the
heights of devices are very close to each other in the range between 110 and 125 pum, which
indicates the well-controlled fabrication process. The resistances of the five sensors increase
with the widths of the gaps and micro-ribs (Figure S4), which can be ascribed to the reduction
of Au NWs in the sensor when the gaps between micro-ribs become larger.

The sensors were tested by using a force gauge mounted on a stepping motor. The
responses of the four pressure sensors with micro-ribs are shown in Figure 3. The sensitivities
of sensor-1 and sensor-2 are 3.71 and 2.26 kPa™! in the lower pressure ranges of 0-2.8 kPa and
0-2.6 kPa, respectively (Figure 3a and 3b). When the pressure is further increased, the
sensitivities of the sensors decrease to 0.41 and 0.72 kPa’!, respectively. However, the
response curves of sensor-3 and sensor-4 show two deflection points (Figure 3c and 3d). Their
sensitivities at the first stage are 2.44 and 2.73 kPa™! in the pressure region of 0-1.3 and 0-0.9
kPa, respectively. Thereafter, they will drop to 0.31 and 0.23 kPa™!, respectively. In surprise,
their sensitivities will rise again to 0.65 and 0.69 kPa'! when the applied pressures are
increased to higher than 9 and 14 kPa, respectively. The sensitivity of these four sensors are
much higher than that of sensor-0 which contains only bulk PAAm composite hydrogels (the

sensitivity is 0.082 kPa™! in the pressure region of 0-8 kPa, see Figure S5).
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Figure 3. Current response and pressure sensitivities of the pressure sensors with the micro-
ribs of different widths: (a) 100 um, (b) 200 um, (c) 300 um, and (d) 400 um. The left-upper
insets show the microscopic images of micro-ribs, while the right-bottom insets are the
enlarged graphs of the responses in the low-pressure range, i.e. 1-3 kPa.

Different from other pressure sensors whose sensitivities usually decrease with
pressure,[!¢-¢ 1h 86, 11a, 130] the qensitivities of sensor-3 and sensor-4 decrease first and then
increase after reaching specific pressures. It is believed that such an extraordinary response
originates from the unique between-rib contact mode of Au NWs (Scheme 1b) which can
contribute extra electrical current with the increase of pressure. Evidently, the minimum
pressure for squeezing the structure to achieve between-rib contact depends on the width of
micro-ribs. Experimental results in Figure 3¢ and 3d agree well with the prediction, and the

deflection point indicating the between-rib contact of sensor-3 is at 9 kPa which is lower than

that of sensor-4, i.e. 14 kPa, because of the narrower width of the micro-ribs. From the



evolution of the deflection points in Figure 3, one can deduce that the between-rib contacts in
sensor-1 and sensor-2 take place at very early stage. It is one reason why the sensitivity of
sensor-1 in lower pressure regime is much higher than that of other piezoresistivity-type

pressure sensors. [ & 13]

2.4. Dynamic Response

Because of the high sensitivity and the wide linear-response range, sensor-1 was chosen to
study in detail. Its dynamic response was measured by quick loading/unloading a pressure of
600 Pa for many cycles. The results are illustrated in Figure 4a, and the enlarged figure of a
single cycle is shown in Figure 4b. It can be seen the rise time of the response from 0 to 600
Pa, called #, is 0.5 s, while the fall time of the response, called #, is 0.59 s. The response is
relatively slow because of the viscoelastic property of the double-network hydrogel.['”) When
the applied pressure is reduced to 11 Pa, the measured ratio of current change is about 0.01, as
shown in Figure 4c. With the calculated noise level (i.e. 2.04x10), it can be estimated that
the device offers a low detection limit of 0.2 Pa at a signal-to-noise ratio of 3.

The long-term stability of the sensor was tested by loading/unloading for 10,000 cycles,
as shown in Figure 4d. The pressure was increased gradually from 0 to 1 kPa for each cycle
(7s for one cycle) rather than quick loading/unloading of a fixed force.l'> 1*? No significant
signal degradation was observed after 20-hour testing, which indicates the good durability of

the sensor.
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Figure 4. Dynamic response of sensor-1: (a) cycle test results; (b) enlarged response curve of
one cycle; (c) detection limit; and (d) durability test for 20 hours (pressure change from 0 to 1
kPa). The inset shows the signals of two sections of the result.

2.5. Applications of Micropatterned Hydrogel Based Pressure Sensors

To demonstrate its easy deployment ability, the PAAm composite hydrogel was dipped and
micropatterned on a flexible hand-shape electrode device (here we call it E-hand skin) for
wearable pressure sensing, as shown in Figure 5a. In the experiments, 6 pressure sensors
were fabricated on the electrodes of five fingers (the middle finger contains 2 sensors). Figure
5b shows the design of the E-hand skin, and Figure 5Sc illustrates the electric circuits for
multiplexed signal collection. To facilitate multi-channel testing and measurement, the
current-change induced voltage signals were measured to characterize the response of the
sensor array in the E-skin hand. The E-hand skin can be easily attached on the soft-robot or
gloves for tactile sensing applications. Figure 5d shows a glove, whose bottom surface is
attached with the E-hand skin, for monitoring the pressing force of fingers when typing at the

keyboard. Figure Se shows the measured voltage change during the typing on a keyboard. As
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expected, one signal was detected when one finger typed the keyboard, and more signals
appeared when more fingers knocked the keyboard simultaneously. The amplitudes of the
signals indicate the force of the fingers knocking the keyboard. The dynamic response clearly
revealed the pressing and releasing time of the fingers during typing. Notably, all the six
sensors worked very well, which indicates good working rate of the hydrogel-based pressure
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Figure S. (a) Photo of the E-hand skin integrated with 6 pressure sensors; (b) electric design
of the E-hand skin and (c) its electrical circuit; (d) a photo of a human hand worn with the E-
hand skin for monitoring the pressing force during typing a keyboard and (e) the measured
responses of the different sensors in the E-hand skin. (f) Photo of a human wrist banded with
the composite hydrogel-based pressure sensor; (g) the measured pulse wave of radial artery
pulses recorded for 40 s; and (h) the enlarged figure of a one-beat signal: three peaks were
observed.

To demonstrate the potential applications of the pressure sensor for wearable
applications, a PAAm composite-hydrogel pressure sensor was banded on the wrist to monitor
arterial pulse wave, as shown in Figure 5f. Figure 5g shows the real-time measurement of
wrist pulse for about 40 s. The pulse rate could be directly read out as 70 beats/min. An
enlarged image of a single-pulse wave is shown in Figure 5h. One can see that three obviously
distinguishable peaks, which are known as the superposition of the incoming blood wave

ejected by the left ventricular and the reflected wave from the lower body,*" are observed.
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The calculated radial augmentation index, Al=P»/Pi, which is a characteristic value for
arterial stiffness and highly related to the age of people, from the measured waveform is
around 0.72. The result agrees well with the data for a 32-years-old male.”” The time delay
between the first and second peaks, ATpvp=tp2-tp1, Which is another indicator of health, are
determined to be ~120 ms. Moreover, the result also reveals some small features in the
diastolic tails of the pulse pressure waves, which are hard to be measured by most of wearable

sensors in existing arterial tonometry.

In general, supramolecular hydrogels have great potential for artificial skin-like devices

fabrication because of their unique tunability in both mechanical and sensory properties.'®*

16l Taking advantages of their excellent stretchability, the PAAm hydrogels have been

applied in many fields, including stretchable hydrogel circuit boards,"?!! ionic conductors,!

231 The novel

electroluminescent skin for tactile sensing,!*?! and ionic touch panel.[
supramolecular hydrogel system of this work was designed by crosslinking PAAm through
covalent bonds and simultaneously forming dynamic bonds, i.e. hydrogen bonds and ionic
bonds, with PAA and Ca®*. The results in Figure S1 indicate that the elastic property of the
supramolecular hydrogel system can be flexibly tuned by photo-annealing process. It can be
attributed to the tunable crosslinking degree of the hydrogel, whose PAAm chains can be
further crosslinked by photon energy.!*!l

It is noteworthy that the micro-rib structure provides an extra strategy to tune the
response curve of the hydrogel-based pressure sensor because of the bimodal contact
mechanism, i.e. inner-rib and between-rib contacts of Au NWs. As shown in Figure 3, the
between-rib contact mode depends very much on the width of micro-ribs. It means that one
can optimize the sensitivity or even operation range of the sensor through tailoring the width

of micro-ribs. Indeed, the high sensitivity of sensor-1 are believed to result from both inner-

rib and between-rib contact of Au NWs. As shown in Table S1, the sensitivity of sensor-1 is
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about ten times higher than that of other PAAm-based piezoresistivity-type pressure

[13°] Moreover, as shown in Figure S5, the responsive range of the pressure sensors

Sensor.
with micro-ribs can be as wide as 0-50 kPa, while the response of the sensor without micro-
rib structure (i.e. sensor-0) got saturated when the pressure reached 8 kPa. Compared with
previously reported piezoresistivity-type pressure sensors, !4 e 10132l oyr sensors have much

wider responsive range (varying from several times to tens of times) while still have high

sensitivity.

3. Conclusion

In conclusion, a photocrosslinkable supramolecular hydrogel using AAm monomer, PAA, and
Ca?" aqueous solution has been developed to prepare highly elastic composite hydrogel via
photopolymerization. Au NWs were mixed into the PAAm hydrogel to make the composite
hydrogel conductive under direct voltage. An optical maskless exposure technology has been
applied to precisely pattern the composite hydrogel into micro-rib structures and control its
crosslinking degree to tune the mechanical property simultaneously. The fabricated pressure
sensors with micro-rib structures revealed a bimodal contact mode of Au NWs which can be
exerted to tailor the sensitivity and operation range. Such a supramolecular hydrogel can be
rapidly printed on flexible substrates to fabricate low-cost high-performance pressure sensors,
which thus has a wide variety of promising applications ranging from wearable healthcare

devices to soft robots.

4. Experimental Section

Materials: Acrylamide, = N,N-methylenebisacrylamide =~ (MBA),  2-hydroxy-4'-(2-
hydroxyethoxy)-2-methylpropiophenone (Irgacure 2959), and poly (acrylic acid) (PAA, Mw
= 100 000 g mol !, 35 wt% aqueous solution) were purchased from Sigma-Aldrich. Gold

nanowires (Au NWs) were purchased from Nanjing XFNANO Materials Tech Co., Ltd.
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CaCl; and ethanol were analytical grade. Deionized (DI) water with a resistance of 18 MQ cm
was used in all experiments.

Micropatterning of PAAm Composite Hydrogels: 1.8 g of acrylamide monomer was dissolved
in 2.3 g of DI water. Then, 0.26 g of PAA, 0.1 g of Irgacure 2959 (photoinitiator), 0.0072 g of
MBA (crosslinker), and 0.0125 g of CaCl, were added stepwise until fully dissolved under
stirring. The prepared photoresist solution was stored for use.

Au NWs with a diameter of 3 nm and a length of 0.9-10 um were homogenously
dispersed into isopropanol solvent to prepare a solution of 20 mg/mL. The Au NWs solution
(0.1 g) was then mixed into the above-prepared aqueous solution (0.9 g) under stirring.

An in-house optical maskless exposure setup was used for micropatterning process. The
above-prepared photoresist solution was dropped upon a glass slide and then covered by a
cover glass. The pre-designed micropatterns were then converted into image data and loaded
onto the digital-mirror device for optical exposure process. UV light source (365 nm) was
used for photopolymerization of photoresist solutions. The intensity of UV light was 14.97
mW/cm?. The total exposure time was 10-30 s. The exposed micropatterns were developed
by ethanol and DI water, sequentially.

Device Fabrication: Flexible copper films were used to prepare the electrodes, whose interval
was kept as 200 pm. The prepared photoresist solution was dropped onto the electrodes. Then,
the photoresist solution was irradiated by the UV light with the designed micro-rib patterns.
The intensity of the UV light was 14.97 mW/cm?, and the exposure time was 15 s. After
patterning process, they were photo-annealed by an 8W-UV light for 30 minutes to reach
desired elasticity. Finally, the device was packaged by using a thin polyethylene film.

Characterizations and Device Tests: Microstructures of PAAm composite hydrogels were
measured by 3D laser scanning confocal microscope (VK-X200, KEYENCE, Japan). It is a
non-contact laser scanning imaging machine. The magnification of objective lens used for

scanning was 50X%.
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The responses of the pressure sensors were tested by Keithley 2400 Source Meter (1V voltage
was provided to measure the devices), while the multi-channel testing of E-skin hand was
carried out by using a data acquisition card (National Instruments USB-6216 Data Acquisition
Card). The force applied on the sensors was precisely controlled with a force gauge
(MODELNO: JSV-H1000). The response data were real-time recorded by using a LabVIEW
software.

For the LED switch tests, the voltage was supplied with a 10-V source. The sensor was

connected to a LED in series, and the force was applied with the force gauge.
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Figure S1. Elastic properties of the PAAm composite hydrogel photo-annealed with different
time: (a) 15 minutes; (b) 30 minutes; (c) 45 minutes; and (d) 60 minutes.
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Figure S2. Measured geometric parameters of the fabricated PAAm composite hydrogel
microstructures: (a) logo of PolyUs; (b) micropillars array.
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Figure S3. Measured geometric parameters of the micro-ribs for the devices. (a) 100-pm
micro-ribs: the lateral width is 105 um and the height is 110 pm; (b) 200-um micro-ribs: the
lateral width is 220 um and the height is 120 pm; (c¢) 300-um micro-ribs: the lateral width is
300 um and the height is 115 um; and (d) 400-pm micro-ribs: the lateral width is 450 um and
the height is 125 pum.
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Figure S4. Initial resistance of the five sensors with different micro-rib widths (the area of
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devices prepared at the same condition.
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Figure SS. Comparison of the responses of the five sensors without (sensor-0) and with
(sensor-1, sensor-2, sensor-3, and sensor-4) patterning of the micro-rid structures.
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Figure S6. Demonstration of a pressure-control switch using the composite hydrogel-based
pressure sensor: (a) the electrical circuit for testing; (b, ¢) The light emitting diode was
switched on/off by pressing/releasing the pressure sensor.



Table S1 Comparison of the present pressure sensor with previously reported elastic polymer-
based sensors.

Types of Elastic Operation  Sensitivity ~ Working Ref
Devices Materials Range (kPa) (kPa™!) Voltage
Piezoresistivit 0-0.22 2
Y PDMS+PANi 0.22-1 0.87 Vem 1V 1
(patterned) 13.5 0.12
Piezoresistivity PDMS+Au _
(no pattern) NWs 0-5 1.14 V=15V 2
Piezoresistivity 0-0.3 1.8
+ =
(no pattern) T PMSTSWNTs 5 15 0.11 Ve=2V. 3
Piezoresistivity 0-2 0.26
(no pattern) PUFRGO 2-10 0.03 — ¢
Piezoresistivit 0-1 2.4
Y PU+SSNPs 1-8.2 0.52 Ve=1V 5
(no pattern) 10-18 0.055
. . 0-0.03 133
Piezoresistivity PPy 0.03-0.1 41.9-77 6
(patterned) 110 0.4-0.05
Piezoresistivity PAAmM+CSM+ 0-1 0.35 7
(no pattern) PANi 1-10 0.05 —
Piezoresistivity PAAmM+PAA+ 0-2.5 3.71 Vie 1V This
(patterned) AuNWs 2.5-50 0.41 o work
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