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ABSTRACT: Electronic fabrics that combine traditional
fabric with intelligent functionalities have attracted increasing
attention. Here an all-fabric pressure sensor with a wireless
battery-free monitoring system was successfully fabricated,
where a 3D penetrated fabric sandwiched between two highly
conductive fabric electrodes acts as a dielectric layer. Thanks
to the good elastic recovery of the spacer fabric, the
capacitance pressure sensor exhibits a high sensitivity of
0.283 KPa−1 with a fast response time and good cycling
stability (≥20 000). Water-soluble poly(vinyl alcohol) tem-
plate-assisted silver nanofibers were constructed on the high-
roughness fabric surface to achieve high conductivity (0.33 Ω/sq), remarkable mechanical robustness, and good
biocompatibility with human skin. In addition, the coplanar fabric sensor arrays were successfully designed and fabricated to
spatially map resolved pressure information. More importantly, the gas-permeable fabrics can be stuck on the skin for wireless
real-time pressure detection through a fiber inductor coil with a resonant frequency shift sensitivity of 6.8 MHz/kPa. Our all-
fabric sensor is more suitable for textile technology compared with traditional pressure sensors and exhibited wide potential
applications in the field of intelligent fabric for electronic skin.
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1. INTRODUCTION

With the development of advanced flexible and wearable
devices, electronic textiles (E-textiles) that integrate various
electronics such as sensors,1,2 energy-harvesting devices,3−5

and antennas6,7 into fabrics have attracted considerable interest
due to their great potential applications in the smart, living,
health care, and medication fields in combination with big data
and artificial intelligence (AI). As an essential component of E-
textiles, wearable pressure or strain sensors, which can respond
to environmental stimuli, have been well studied in recent
years.8

In general, there are three types of sensing mechanisms for
E-textile-based sensors, resistive,1,9−11 capacitive,2,12,13 and
self-powering.14−16 For capacitive pressure sensors, the
conductive fabrics usually act as electrodes, and the rubber-
like materials sandwiched between two conductive fabric
layers,12,17 such as polydimethylsiloxane (PDMS),1 polyur-
ethane (PU),18 Eco-flex,19−21 and latex,22 usually act as
dielectric layers. Despite the great efforts that have been
devoted to develop fabric pressure sensors, there are some

problems that still remain to be solved. First of all, it is difficult
to obtain highly conductive textiles because of the wavy
structure of the fabric surface, not to mention the stretchable
conductive fabric electrodes.23,24 Although tremendous efforts
have been made to improve the conductivity of fabrics by
coating conductive metal (or carbon) films, satisfactory or
comparable performance to that of the flat film substrate has
still not been achieved. Moreover, the obtained fabric
conductivity was accompanied by the sacrifice of the fabric
surface morphology and style due to the coating or composite
spinning.23,25 Second, rubber-like dielectric layers including
PDMS, PU, and Eco-flex are heavy and airtight, which is not
suitable for long-term wear. An ideal solution for preparing a
rubber-free dielectric layer is to construct a high-elastic-
recovery penetrated fabric directly sandwiched between sensor
electrodes by traditional textile technology. The 3D warp-

Received: June 21, 2019
Accepted: August 19, 2019
Published: August 19, 2019

Research Article

www.acsami.orgCite This: ACS Appl. Mater. Interfaces 2019, 11, 33336−33346

© 2019 American Chemical Society 33336 DOI: 10.1021/acsami.9b10928
ACS Appl. Mater. Interfaces 2019, 11, 33336−33346

D
ow

nl
oa

de
d 

vi
a 

A
U

C
K

L
A

N
D

 U
N

IV
 O

F 
T

E
C

H
N

O
L

O
G

Y
 o

n 
Ju

ly
 1

4,
 2

02
0 

at
 2

1:
23

:1
3 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

www.acsami.org
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acsami.9b10928
http://dx.doi.org/10.1021/acsami.9b10928


knitted spacer fabric that consists of two independent fabrics
and a layer of spacer yarns as the connection in between bears
a very good size stability of the surface structure and excellent
mechanical properties, which makes it a promising material for
flexible electronics.26−28 Third, for lightweight wearable and
mobile electronic devices, we must get rid of the traditional
bulky detection and power supply devices,5 and we realize that
the wireless transmission/control of signals is still an issue. The
intrinsic wireless passive inductor−capacitor (LC) resonance
method is a good candidate in harsh measurement environ-
ments because of its lower operating frequency and near-field
coupling distance;29 therefore, it has been developed in various
situations.30 Recently, textile-based wireless sensors with a
resonant circuit have attracted many researchers’ interests.31

However, an intrinsic all-textile wireless passive pressure sensor
with fiber inductance and a fibrous sensing capacitor without a
polymer film and adhesive is still challenging because of the
difficulty in designing the inductance and other electronic
components on fabric. Hence, developing an all-fabric (rubber-
like material-free) wireless monitoring pressure sensor that is
flexible, stretchable, wearable, and breathable with wireless
monitoring ability is challenging and urgently needed.
To address the aforementioned problems, three strategies

were adopted in this work. First, water-soluble poly(vinyl
alcohol) (PVA) template-assisted silver nanofibers (Ag NFs)
with high conductance and mechanical flexibility were

transferred on the fabrics surface to serve as sensor electrodes.
The obtained conductive fabrics showed a sheet resistance of
0.33 Ω/sq without the sacrifice of the original fabric pattern
and style. Second, the highly elastic 3D penetrated fabric,
which has a good size stability of the surface structure and
excellent mechanical properties, was utilized as the capacitance
dielectric layer. Third, the wearable fiber inductor coil was
embedded into fabrics for signal transmission. A textile-based
LC circuit wireless and battery-free sensing system was
established using a well-developed radio frequency coupling
method. Furthermore, large-area sensor arrays were success-
fully fabricated on one textile substrate to spatially map tactile
stimuli and directly incorporated into a glove for pressure
mapping. The ingenious structure of fabric based on a flexible
and wearable sensor with good properties has wide potential
applications and has provided a prospect in the field of
intelligent fabric for electronic skin and the acquisition of
human motions and health data.

2. RESULTS AND DISCUSSION

The wireless pressure-sensing device for wearable E-textiles
should be versatile for fashionable and comfortable designs.
Figure 1a illustrates the schematic of the LC monitoring
wearable pressure sensor, which combines a flexible all-fabric
pressing sensor containing a conductive fabric electrode and

Figure 1. Schematic of the strategy for the fabrication of the LC wireless all-textile pressure sensor. (a) Schematic of the LC monitoring pressure
sensor, which combines a flexible all-fabric pressing sensor containing conductive fabric electrodes and 3D penetrated fabric with a LC wireless
sensing system based on the fiber inductor coil. (b) Schematic of the 3D penetrated fabric as dielectric layer for the capacitance sensor during
changing under pressure. (c) Schematic of the wireless monitoring system for the capacitance sensor.
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3D penetrated fabric with an LC wireless sensing system based
on the fiber inductor coil. In this configuration, high-density
Ag NF networks were constructed on the silk fabrics to
improve the conductivity and flexibility, and highly elastic 3D
penetrated fabric was sandwiched between the electrodes to
replace the rubber dielectric layer. When the pressure was
applied, the space (d) between the electrodes changed (Figure
1b), thereby increasing the capacitance of the textile sensors;
this then lead to the frequency shift of the LC wireless testing
system (Figure 1c).
As shown in Figure 2a, Ag NFs were constructed on the

fabrics by electrostatic spinning and subsequent magnetron
sputtering methods, which are compatible with traditional
textile technology. In detail, the conductive NFs were first

obtained by magnetron sputtering Ag films on an electro-
spinning PVA NF template surface. By transferring the
different amounts of NFs onto the fabric surface and removing
the PVA fiber membrane by deionized water, groove-shaped
Ag-NF-coated conductive fabrics (Figure 2f,g) with different
appearances could be obtained (Figure 2h). The X-ray
diffraction (XRD) spectra of the PVA fiber with and without
the Ag coating are shown in Figure 2b. The diffraction peaks
located at 38.2, 44.35, 64.54, and 77.6° can be readily indexed
to (111), (200), (220), and (311) of pure quasi-amorphous
Ag, respectively. The diffraction peak located at 20.74° is a
characteristic peak of plain silk fabric, and a negligible change
was observed before and after sputtering, indicating that the
structure of the silk fabric remained unchanged. The XRD

Figure 2. Preparation and characterization of the color-reserved highly conductive fabric. (a) Preparation process of conductive fabric electrodes:
fabricating PVA NFs by electrospinning and then magnetron sputtering of Ag on the fiber surface, followed by transferring the conductive NFs on
the fabric surface. (b) XRD spectra of the original and conductive silk substrate fabric. (c) Square resistance of the color-reserved conductive fabric
as the number of transferred fiber network layers increases from one to seven, with and without polyurethane (PU) as the bonding layer. (d)
Comparison of electric properties between as-prepared fabric and previously reported conductive fabrics in refs 19 and 32. (e) Surface morphology
of the conductive fabric, with the fiber network bonded on the surface (f). (g) Groove-like morphology of electrospinning fibers after magnetron
sputtering and PVA template removal. (h) Surface topography of the conductive fabric surface as the number of transferred layers increases.
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spectra show that the Ag films were attached on the surface of
the silk fabrics. The scanning electron microscopy (SEM)
image in Figures 1a and 2e shows that the PVA NFs were on
the surface of the fabric. The length of the ultralong NFs can
reach several centimeters, which can significantly decrease the
number of wire−wire junctions and ultimately enhance the
conductivity and mechanical flexibility. The sheet resistance
would decrease from 16 to 0.74 Ω/sq by increasing the NFs
from one to seven layers on the fabric substrate, as shown in
Figure 2c. It is worth mentioning that the sheet resistance can
be further decreased to 0.33 Ω/sq by using a transparent PU
layer, which is benefit for improving the contact between the
silk fabric and NFs. Figure 2d shows the comparison among
several typical conductive fabrics. The fabric in our work
exhibits the best electric conductivity compared with the

previously reported carbon fiber cloth, carbon paper,
carbonized fabric, and conductive fabric.9,23,24

According to our previous work,34,35 the film made of Ag
NFs was transparent. In this way, it is beneficial for the silk
fabric to maintain its original color when the NFs are
transferred to its surface, as can be seen in Figure 3b and
Figure S1. The whiteness of the fabric decreased only 1.4 units
from 32.93 to 31.53 when one layer was transferred (Figure
3a). After coating for seven layers, the whiteness decreased
from 32.9 to 20.06. The transparent PU has a slight effect on
the fabric surface morphology, as the whiteness decreased to
18.6. Figure 3e and Video S1 show that the electric
conductivity of the fabric decreased only 10.7% after bending
2000 times, indicating that the conductive fabric has good
flexibility and durability. Further tests, as shown in Figure 3c,d,
demonstrated that the conductive fabrics can endure bending

Figure 3. Electrical performance of the highly electric conductive fabric. (a) Whiteness variation of the color-reserved conductive fabric as the
number of transferred fiber network layers increases from one to seven, with and without transparent PU as the bonding layer. (b) Images of the
color variance of the fabric before and after coating the conductive layers. (c) Photograph of the conductive fabric lighting a bulb as a segment of
the circuit when suffering from twisting. (d) Relationship between the specific surface resistance33 variation and the bending angles of the
conductive fabric. (e) Reproducibility of the conductive fabric after bending from 0 to 180° 2000 times. (f) Resistance variation when a conductive
rib-knitted fabric was stretched from 0 to 25%.
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and twisting at different angles, which is significant for
wearable applications.
Taking advantage of this facile preparation method,

conductive fabric of different structures and patterns can be
obtained, as the PVA NF template-assisted Ag NF network can
be transferred to prestretched fabric stably and easily, as shown
in Figure S1. Specifically, the stretchable conductive knitted
fabric with a rib-stitch structure was fabricated by transferring
Ag NFs to the prestretched knitted fabric, as shown in Figure
3f, and no obvious degradation in electrical conductivity was
observed in the strain ranges from 0 to 25%, which enables the
electrodes to be used in stretchable and wearable electronics.
The superior tensile property can be attributed to the Ag NFs
being laminated along the fabric grain, and thus they will not
break during the straightening of the ribbed fabric. Moreover,
different patterned electricity-conductive fabrics can be
prepared by a mask-assisted method. As shown in Figure S2,
a fabric electrode for a four-channel pressure sensor (Figure
2e) was fabricated under the mask with adhesive tape by laser
cutting. Thus the simplicity of this preparation method and the
high electrical conductivity of the Ag-NF-coated fabric make it
a good candidate for wearable electronic devices.
By combining the flexible fabric electrodes with an elastic

spacer fabric dielectric layer, a fabric-based pressure sensor was

fabricated, as illustrated in Figure 4b. The capacitance of the
fabric-based pressure sensor can be effectively changed by the
incremental load-induced thickness change of the polyester
monofilament spacer yarn as well as a regular change in the
dielectric constant, ε. When the spacer fabric is under pressure,
the spacer yarn is extruded to bend from the stretching state,
and it returns to the natural state when the pressure is released.
For the spacer-fabric-based capacitance-type pressure sensor,
the capacitance of the sensor (Csensor) can be described by the
following parameters: electrode area (S), dielectric thickness
(d), constant k, and relative permittivity of the dielectric (εe).
Equation 1 describes the change in capacitance due to
variations in the dielectric layer thickness

ε
π

=C
S
kd4sensor

e

(1)

As shown in Figure 1b, when a pressure was applied to the
sensor, the dielectric thickness between the two electrodes
would decrease. In addition to the dielectric thickness, d,
change, the permittivity variation of the dielectric under
pressure loading also resulted in a change in capacitance. The
dielectric permittivity (εe) of the spacer fabric is shown in eq 2

ε ε ε= · + ·V V% %e air air PET PET (2)

Figure 4. Structure and performance of the all-fabric capacitance pressure sensor. (a) Testing system for the fabric-based pressure sensor. (b)
Schematic of the capacitance pressure sensor that consists of a 3D penetrated fabric dielectric layer with conductive fabric electrodes. (c)
Relationship between the variation of capacitance and the applied pressure. (d) Performance of the pressure sensor with different weights per
square meter of 290, 570, and 830 g/m2. (e) Compression distance−pressure curves for three fabrics with different parameters. (f) Response of the
pressure sensor at different mechanical frequencies of 0.005 to 1 Hz. (g) Capacitance variation when applying different pressures of 1, 2, 3, and 4
KPa on the pressure sensor three times. (h) Capacitance, strain, and pressure variation when applying a load on the sensor, holding, and releasing
for 5 s. (i) Reproducibility of the sensor under a pressure of 0.5 KPa for 20 000 cycles of consecutive linear loading−unloading with a pressure
frequency of 1 Hz.
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where εair = 1 and εPET = 3.3 and %Vair and %VPET represent
the percentage of air and PET in the volume of the entire
dielectric layer. Because the volume of the air gaps will reduce
under pressure loading, εe will increase overall; therefore, the
capacitance increases. The decrease in dielectric thickness (d)
and increase in permittivity (εe) under pressure together
contribute to a high sensitivity of the textile capacitance sensor.
The measurement system is illustrated in Figure 4a. The
sensitivity (S) of pressure sensor can be defined as S = ΔC/C0/
ΔP, where ΔC and C0 represent the change in capacitance and
baseline capacitance, respectively, and ΔP represents the
change in applied pressure. As shown in Figure 4c, the flexible
pressure sensor shows a high sensitivity of 0.108 KPa−1 under
pressure from 0 to 2.5 KPa and a sensitivity of 0.283 KPa−1

under pressure from 4.5 to 6 KPa.
Several kinds of weft-knitted fabrics with different

parameters were tested for the pressure sensor by using a
polyester monofilament as a spacer yarn and low-stretch
polyester filament as a face yarn. As shown in Figure 4d, three
kinds of spacer fabrics with different weights per square meter
of 290, 570, and 830 g/m2 were tested. Because the 3D
penetrated fabrics were composed of air and the polyester
(PET) fibers, we observe a correlation between the weight per
square and the sensor performance, as lower weight spacer
fibers lead to the same deformation under less applied
pressure. It is obvious from Figure 4d that the sensitivity of
the fabric sensor increases whereas the detection range
decreases when the weight per square meter of the space

yarn decreases from 830 to 290 g/m2. This is because with the
spacer fiber density increasing, the compressive modulus of the
fabric increases, which is further proved by compression−reply
tests, as shown in Figure 4e. In real applications, a sensor with
a controllable sensitivity and working range is desirable.
Attributed to the controllable working range of our fabric
pressure sensors, they can not only monitor the slight
movement but also be used to detect large-scale human
body movement.
Attributed to the high elastic recovery performance of the

spacer fabric dielectric layer, the pressure sensor has a quick
and stable response under different mechanical frequencies and
amplitudes. As shown in Figure 4f, the pressure sensor has a
stable response under a wide mechanical frequency range from
0.005 to 1 Hz. Figure 4g shows the capacitance response when
applying and releasing different pressures of 1, 2, 3, and 4 KPa
on the sensor three times. The quick and stable reply under
different certain forces shows that the pressure sensor has
stable and continuous responses for the various loadings.
Figure 4h provides the instant capacitance and compression
strain response against the quick applied forces, showing that
the pressure sensor has an immediate response to external
loads. It is worth mentioning that the electric fabric sensor also
has a sensitive response to the torsion, as shown in Figure S3.
When the pressure sensor is under torsion, the capacitance
signal gradually increases with the spiral angle increasing from
10 to 40°. As shown in Figure 4i, the output signals of the
pressure sensor composed of conductive fabric electrodes and

Figure 5. LC wireless passive sensing for the all-textile sensor under pressure. (a) Schematic of the wireless monitoring system for the fabric-based
capacitance sensor. (b) Optical image of the capacitance fabric sensor with a fiber inductor coil for LC wireless monitoring. (c) Simulated S11 return
loss for the LC testing system under pressure from 0 to 400 Pa. (d) Resonance frequency of the fiber LC circuit as a function of pressure.
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a dielectric layer of spaced fabric were stably maintained with a
capacitance loss of only 0.002, even after 20 000 intensive
cycles, indicating that the textile-based pressure sensor was
highly reproducible.
A wearable LC wireless monitoring system was developed

for the textile capacitance pressure sensor, as shown in Figure
5a. The wireless circuit consists of an LC resonator circuit,
wherein the capacitive sensor is connected in series to a fiber
inductor coil, which is sewn in the cotton fabric substrate, as
shown in Figure 5b. The change in capacitance results in a
frequency shift of the LC resonator, as resonance frequency
can be calculated by π=f LC1/2 . This shift is wirelessly
monitored through the inductive coupling with an external
reader coil, and the input transmission coefficient S11 is
measured on the ports (Figure 1c). The applied pressure has
an effect on the capacitance and thus on the resonance
frequency values of the resonance circuit. Figure 5c shows that
with the pressure increasing from 0 to 400 Pa, the resonance
frequency values decrease, in which case the frequency shift of
the pressure sensor is 2.8 MHz under a pressure of 400 Pa with
a sensitivity of 6.8 MHz/kPa (Figure 5d).

To test the feasibility of tactile sensing for smart textiles, the
fabric sensors were designed into a textile sensing array to
spatially map pressure information. Unlike the resistance type
of multichannel pressure sensor, which requires each sensor
unit to be thoroughly separated, and thus complicated
electrode arrays were required,36,37 the capacitance sensor
array in this work was of a sandwich structure that combined
the fabric planar circuit with a coplanar dielectric layer (Figure
6b), which will simplify the preparation and device design to a
large extent. Figure 6a schematically describes the 4-by-4-pixel
sensing arrays, with mask-aided patterned conductive silk-
based fabric as the bottom and top electrodes and 3D
penetrated spaced fabric as the middle dielectric layer material
(Figure S4). When a certain weight and pattern fabric was
placed on the pressure array, the electrical signals of the
pressure sensor arrays were monitored. As shown in Figure
6d,f, the output electrical signals from the pressure sensors
clearly demonstrate the loading of the objects (Figure 6c,e).
Moreover, human touch during pressure can be monitored by
the textile pressure-sensing arrays. Figure 6g,h shows the
optical image and signal output and pressure distribution

Figure 6. Pressure mapping based on the coplanar all-textile pressure sensor arrays. (a) Schematic description of a textile sensor array with 4 × 4
pixels. (b) Photographs of the sensor arrays, electrode arrays, and spacer fabric dielectric layer. (c,e) Photographs of the sensor array pressed by a
slash and a square-shaped weight and (d,f) corresponding mapping of the pressure distribution. (g) Schematic description of the pressure sensor
when a finger was pressing on the sensor of the 16 pixels and the corresponding capacitance signals (h) and 3D output signals (i).
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(Figure 6i) when a certain pressure is applied on the corner of
the coplanar sensors. The above results clearly manifested the
ability of the conductive silk-based 3D textile pressure sensor
and indicated that it has high potential for applications in the
human−machine interface and in human activity detection.
Because of the high sensitivity and flexibility and large

detection range of the all-textile pressure sensor, it can be
embedded into garments to detect human motion like
coughing, arm bending, and finger gestures. Besides the LC
wireless monitoring system, capacitance signals can be
transmitted to mobile terminals (Figure S5) or uploaded to
cloud servers (Figure S6) through bluetooth wireless trans-
mission technology for real-time monitoring, as shown in

Figure 7a. Figure 7b shows the optical images and
corresponding capacitance variation signals of a wearable
sensor attached on the skin of a bent finger at different angles.
Once the finger is bent, the capacitance of the all-fabric
pressure sensor will increase because the sensor squeezing
during bending leads to pressure on the sensor. More
interesting, by sewing the fabric pressure sensor on the sleeve
of the sporting garment, the capacitance change and
corresponding precise bending angle can be detected, as can
be seen in Figure 7c−f and Video S2. The inset of Figure 7d
illustrates the schematic diagram for the capacitance signal
detection and transmission. In addition, the textile sensor was
attached onto the skin of the neck to noninvasively monitor

Figure 7. Real-time detection of the human motion using the all-textile pressure sensor. (a) Image and schematic illustrations of the whole system
for a motion-monitoring intelligent garment, in which data could be remotely monitored by a mobile application (APP). (b) Optical images and
corresponding capacitance variation of a wearable sensor attached on the skin of a bent finger at different angles. The left picture inside panel c is
the optical image of a wearable intelligent garment, which imbedded the wearable pressure sensor at the position of the elbow joint. (c−f) Optical
images and capacitance variation when the volunteer who wears the intelligent garment bends her elbow joint for (c) 30°, (d) 60°, (e) 90°, and (f)
120°. The diagram inside panel d is the schematic for the capacitance signal detection and transmission.
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the pressure difference of the muscle movement during human
coughing, and the fabric pressure sensor exhibited obvious and
consistent signals during coughing five times, as shown in
Figure S7.

3. CONCLUSIONS

In this work, an all-fabric wireless pressure sensor based on the
textile circuit was fabricated. For the fabric electrode, a highly
conductive fabric with a square resistance of 0.33 Ω/sq was
obtained by transferring water-soluble PVA nanofiber
template-assisted Ag NFs on the fabric surface without the
sacrifice of original fabric pattern and style. The pressure
sensor with a 3D penetrated spaced fabric dielectric layer
exhibited high sensitivity of 0.283 KPa−1, a quick response, and
good stability(≥20 000 cycles). The frequency shift of the
textile LC circuit for the capacitance pressure sensor has a high
sensitivity. In addition, the coplanar 4-by-4-pixel fabric sensing
arrays based on patterned silk fabric electrodes and 3D
penetrated fabric were designed to display the pattern of the
object. The ingenious structure of fabric based on a flexible and
wearable sensor with good properties has provided a prospect
in the field of intelligent fabric to acquire human motions with
wireless transition and detection.

4. EXPERIMENTAL SECTION

Preparation of Conductive Fabric. The silk fabric was
washed in a solution of acetone for 30 min, followed by alcohol
washing for 10 min and drying in the oven at 60 °C. This
process was repeated three times. The nanowire network with
high continuity and conductivity was obtained by two steps as
follows: The free-standing PVA nanofibers were fabricated on
an aluminum frame by electrospinning with a positive voltage
of 15 kV and a negative voltage of 1.5 kV. Second, the Ag thin
layer was sputtered on the PVA networks by magnetron
sputtering at room temperature, with argon pressure of 0.4 Pa
and a sputtering power of 50 W for 20 min. The silk fabric was
first coated with a layer of PU. Then, the metallized fibers were
transferred to the pretreated silk fabric, and the Ag nano-
troughs were derived after removing the PVA nanofibers using
deionized water. For the stretchable conductive ribbed fabric,
the fabric substrate was first stretched to 25%, at which state
metallized fibers were transferred onto the surface. After the
PVA nanofibers were removed, the ribbed fabric was released
to the original state. These raw fabrics were provided by
Guangzhou Xianxiangyu Textile Limited Company.
Preparation of the Flexible Pressure Sensor. An

enameled Cu wire was attached on the side of silk fabric by
a conductive silver paste (Dupont 4929N), with a conductive
resin stabilizing the linkage segment. A conductive fabric with a
Cu electrode was then encapsulated by PU. Spacer fabrics with
different fabric weights per square meter of 290, 570, and 830
g/m2 at size 2 × 2 cm2 were used for the dielectric layer of the
pressure sensor. The prepared encapsulated conductive silk
fabric was attached on both sides of the spacer fabric with a
double-sided fusible interlining by the hot-pressing method.
Preparation of the LC Wireless Pressure-Sensing

System. Enameled copper wire was stitched on denim by
the flat needle method, which was used as the inductance of
the sensor coil, and circular tin wire coil was used as the
reading coil, which was connected to the ZND impedance
analyzer to measure the energy loss in S11 mode.

Characterization of Conductive Fabric. The square
resistance of the conductive fabric was measured by a four-
probe resistance tester (RTS-8). The phase identification of
the Ag electrodes was performed by an X-ray diffractometer
(X’Pert PRO, PANalytical). The morphology and structure of
the prepared materials were examined by scanning electron
microscopy (SEM, Hitachi SU-70). The whiteness of the
conductive fabric was measured by a whiteness meter (WSB-
L).

Characterization of Sensor Response. The mechanical
properties and electricity response of the corresponding
pressure sensor were measured through a compression test
of composites using a micro force tension meter (Instron
5565A) with a load-cell capacity of 100 N. The capacitance of
the pressure sensor was measured by an LCR meter (TH8090,
Changzhou, China).

Informed Consent. The volunteers (Liyun Ma and
Ronghui Wu) agreed to all tests and the picture in the
manuscript with informed consent.
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