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Development of highly sensitive pressure sensor with a low-cost and facile fabrication 

technique is desirable for electronic skins and wearable sensing devices. Here a low-cost and 

facile fabrication strategy to obtain multiscale-structured elastomeric electrodes and a highly 

sensitive and robust flexible pressure sensor is presented. The principles of spontaneous buckle 

formation of PDMS surface and the embedding of silver nanowires are used to fabricate the 

multiscale-structured elastomeric electrode. By laminating the multiscale-structured 

elastomeric electrode onto the dielectric layer/bottom electrode template, the pressure sensor 

can be obtained. The pressure sensor is based on the capacitive sensing mechanism and shows 

high sensitivity (>3.8 kPa-1), fast response and relaxation time (<150 ms), high bending 

stability and high cycle stability. The fabrication process can be easily scaled up to produce 

pressure sensor arrays and they can detect the spatial distribution of the applied pressure. It is 

also demonstrated that the fingertip pressure sensing device can sense the pressure distribution 

of each finger, when grabbing an object. 

 

 

 

 

 

1. Introduction 

Flexible, bendable or stretchable pressure sensors have gained 

exponential interest recently, because of their versatile 

application to the human oriented future technologies such as 

electronic skins,1-4 wearable healthcare monitors,5-8 prosthetic 

skins,2,9,10 patient rehabilitation,11,12 robotic skins13-15 and touch 

interfaces.16,17 For the realization of most of the aforementioned 

technologies that mimic human skin or human tactile receptors, 

highly sensitive pressure sensors for low pressure-regime (<10 

kPa, gentle touch)18 with mechanical flexibility or strecthability 

are required. Various sensing mechanisms have demonstrated 

the possibility to fabricate highly sensitive and flexible pressure 

sensors. They includes piezoresistive sensing,5,19-24 

piezoelectric sensing,25-27 triboelectric sensing27,28 and 

capacitive sensing mechanisms.9,16,30-34 The piezoresistive 

sensors based on pressure sensitive rubber (PSR) have been 

widely investigated by being integrated with organic field effect 

transistors1,4,15 or inorganic semiconducting nanowire-based 

transistors3 for large area artificial electronic skins. Recently, a 

PSR based pressure sensor array fabricated with 

semiconducting carbon nanotube transistors and organic light-

emitting diodes35 and a piezoelectric nanowire light-emitting 

diode-based pressure sensor array27 demonstrate the real-time 

visualization of pressure mapping. However, vacuum processes 

are needed for these sensor arrays and PSR based sensors are 

susceptible to hysteresis and show low stability.13,36 

Capacitive pressure sensors with elastomeric dielectric 

materials also have been widely investigated.17,30,32,34 The 

elastomeric dielectric layer is deformed (e.g., the thickness of 

the dielectric layer is reduced) when an external pressure is 

applied to the sensor and this deformation induces the 

capacitance change of the sensor. Various metals (gold, silver) 

or liquid metal have been used as electrodes of the capacitive 

pressure sensor.17,34 Nanomaterials such as silver nanowires 

(AgNWs) or carbon nanotubes which have been widely 

investigated for stretchable electronics were also used with 

elastomeric dielectric layers for stretchable capacitive pressure 

sensors.16,30,32,37 Although these sensors have mechanical 

stretchability, their pressure sensitivity is low. To enhance the 

pressure sensitivity of capacitive-type sensors, recently, 

microstructured elastomeric dielectric layers have been 

introduced and the pressure sensors with them show high 

pressure sensitivity and mechanical flexibility.9,31 By 

integrating organic field effect transistors with the 

microstructured elastomer as a gate insulator, pressure sensitive 

active sensor devices have been fabricated.9,31 However, the 

manufacturing process of the mould for microstructured 
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elastomers is based on the photolithography and chemical 

etching, which are expensive and complicated processes.  

In this work, we present a highly sensitive and flexible 

capacitive pressure sensor with the multiscale-structured 

elastomeric electrode by using a simple and low-cost process. 

The spontaneous buckle formation of ultraviolet/ozone (UV/O3) 

treated pre-strained PDMS38 was used as a simple and low cost 

mould fabrication method. Through this mould, the AgNWs 

embedded multiscale-structured PDMS electrode was 

fabricated. By sandwiching the multiscale-structured electrode 

and a solution processed dielectric layer/electrode template, the 

flexible capacitive pressure sensor can be obtained. The sensor 

shows high sensitivity (3.8 kPa-1), fast response and relaxation 

time (< 150 ms), high flexibility and high stability. In addition, 

the pixel-type pressure sensor array can be easily fabricated and 

scaled up from the simple cutting and attaching process. The 

fingertip grip pressure sensing device is also demonstrated by 

attaching each sensor onto the fingertips. 

 

 

2. Results and Discussion 

 

The multiscale-structured PDMS electrode was fabricated as 

schematically illustrated in Fig. 1a. To obtain the multiscale-

structured electrode, we used the spontaneous buckle formation 

of PDMS surface due to the relaxation of pre-stretched PDMS 

with stiff silicon oxide film38 as a mould. Initially, the mould 

PDMS was stretched up to 40%, and then treated with 

ultraviolet/ozone (UV/O3) radiation to introduce silicon oxide 

(SiOX) thin film on the surface of PDMS. After that, AgNW 

solution was coated onto the mould PDMS by using a bar 

coater for several times to obtain resistance below 30 Ω for 

electrodes with 40 mm length and 30 mm width. After 

obtaining the AgNW film, the mould PDMS was released to its 

initial length (zero strain) to obtain the buckled AgNW film. 

Due to the preformed silicon oxide thin film on the mould 

PDMS surface, the buckled structure was introduced on the 

PDMS surface38 and the AgNW film also showed the buckled 

surface as shown in Fig. 1b. The liquid PDMS with curing 

agent was poured on the buckled AgNW film, and then cured at 

65 °C for 12 h in air. Due to the penetration of the liquid PDMS 

into the AgNW network, the AgNW film was embedded tightly 

into the cured PDMS.38 By peeling off the mould PDMS, we 

obtained the AgNW-embedded multiscale-structured PDMS as 

shown in Fig. 1b. The AgNW-embedded surface of PDMS is 

conductive and the opposite surface of PDMS is non-

conductive. The resistances of the AgNW film (20Ω) and the 

multiscale-structured electrode (45Ω)  at each fabrication stage 

are indicated in Fig. 1b. The resistance of the AgNW film was 

increased slightly after strain releasing (25Ω) due to the 

rearrangement of each AgNW and AgNW junctions. The 

resistance of the AgNW-embedded multiscale-structured 

PDMS electrode was increased over 100% after peeling off due 

to the penetration and filling of the AgNW junctions of PDMS 

and the peel-off stress.39,40 

The capacitive pressure sensor was fabricated by integrating 

the multiscale-structured electrode with dielectric layer and 

bottom electrode (Fig. 1c). The bottom Ag electrode was inkjet-

printed on the flexible Arylite substrate and the dielectric layer 

was spin-coated onto the bottom electrode (Fig. 1c). 

Poly(methyl methacrylate) (PMMA) or poly(4-vinylphenol) 

(PVP) was used as a dielectric layer (We will call the dielectric 

layer coated bottom electrode as the bottom plane). The 

detailed printing or spin coating method was described in our 

previous works41,42  and the experimental section. Copper wire 

was connected to the multiscale-structured electrode by silver 

paste for electrical measurement. Finally, the multiscale-

structured electrode was laminated onto the dielectric layer with 

the multiscale structure facing the dielectric layer to fabricate 

the capacitive pressure sensor.  

  The multiscale structure of the AgNW-embedded PDMS 

electrode was characterized by using scanning electron 

microscopy (SEM), 3-D surface profiler and atomic force 

microscopy (AFM). The multiscale structure consists of the 

wavy structure (micrometer-size) obtained from the buckled 

PDMS mould and the rough surface of the crest of the wavy 

structure (nanometer-size) obtained from the relaxation of peel-

off stress, as shown in Fig. 2 and Fig. S1 in ESI†. The uniform 

wavy structure of the AgNW-embedded PDMS was 

characterized by using SEM. The average wavelength and 

amplitude of the wavy structure are about 22 µm and 6 µm, 

respectively, as shown in Fig. 2a and 2b. Fig. 2a and 2b also 

show that the wavy structure was formed uniformly over the 

entire region and AgNWs were totally embedded into the 

PDMS matrix. The rough surface of the crest was observed 

from 3-D surface profiler and AFM images (see Fig. 2c and 

2d). When peeling off the cured PDMS, the peel-off stress was 

applied to the entire domain of the AgNW-embedded PDMS. 

More excessive peel-off stress was applied to the sharp crest of 

the wavy structure among the entire domain and the rough 

surface was formed spontaneously to release the peel-off stress 

at the crest (The surface of the trough of the wavy structure is 

much smoother than the crest and this means that the smaller 

peel-off stress is applied to the trough, as shown in Fig. S1c, 

ESI†).39, 40 However, no rough surface of the crest was 

observed from the structured PDMS without AgNWs as shown 

in Fig. 2e and 2f. The root-mean-square (RMS) values of the 

measured line roughness at the crest are about 350 nm for 

AgNW-embedded PDMS and 30 nm for only PDMS, 

respectively. The AgNW-embedded PDMS is still flexible, 

bendable and deformable as reported elsewhere.16,30,39 The 

resistance of the wavy structured electrode was hardly changed 

from its original value during the repeated pressing (up to 10 

kPa) (see ESI, Fig. S2†). 

Pressure was applied to the capacitive pressure sensor to test 

the pressure sensitivity. The force gauge with z-axis motor 

stage and weights were used as pressure applying tools. The 

size of the square pressure sensitive capacitor was 16 mm2 (the 

size of the multiscale-structured electrode is 4 × 10 mm2). To 

avoid the stickiness of PDMS that could hinder the pressure 

sensor test, the poly(ethylene terephthalate) (PET) film (100 

µm) was attached on the PDMS surface and thin glass slide was 

placed onto the PET film. The pressure from the multiscale-

structured electrode with PET film and glass slide (180 mg) is 

defined as the base pressure (45 Pa) and the capacitance at the 

base pressure is defined as the base capacitance �� . The 

external pressure was applied from 0 Pa to 4.5 kPa. Fig. 3a 

shows the pressure sensitivities of the sensors with the 

multiscale-structured electrode and non-structured flat 

electrode, respectively. The pressure sensitivity of the pressure 

sensor ( � ) can be defined as the slope of the relative 

capacitance change-pressure curve in Fig. 3a ( � =

�(∆�/��	)/�
, ∆� = � − �� ,  where �  and ��	 denote the 

capacitance with the applied pressure and the base capacitance, 

respectively, and 
 denotes the applied pressure). The sensor 

with non-structured electrode (flat electrode in Fig. 3a) shows 

no change of capacitance according to the applied pressure. 
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However, the sensor with the multiscale-structured electrode 

shows high sensitivity of 3.8 kPa-1 in the low pressure regime 

(45 ~ 500 Pa), 0.8 kPa-1 in the mid pressure regime (500 Pa ~ 

2.5 kPa) and 0.35 kPa-1 in the high pressure regime (2.5 ~ 4.5 

kPa). The sensitivity of our sensor surpassed that of the 

previously reported capacitive pressure sensors for a wide 

pressure regime (0 ~ 4.5 kPa).9,31 The pressure sensor with the 

multiscale-structured electrode shows very small hysteresis (see 

ESI, Fig. S3†). The pressure sensor can detect the loading and 

unloading of a paper ship of very small weight (40 mg) as 

shown in Fig. 3b. The pressure of the paper ship is about 15 Pa. 

The capacitance change of the sensor is large enough to detect 

the small pressure. Ten independent sensors were measured to 

check the sample-to-sample variation in pressure sensitivity and 

the average capacitance values at each pressure are plotted with 

error bars (standard deviation) as shown in Fig. S4, ESI†. 

Pressure sensors fabricated by using multiscale-structured 

electrodes obtained from the mould PDMS with different pre-

strain level were also tested to check the variation of pressure 

sensitivity according to the pre-strain level of the mould PDMS, 

as shown in Fig. S5, ESI†. The variation of pressure sensitivity 

was small. Therefore, we used the mould PDMS with pre-strain 

level of 40% only based on this result.  

This dramatic high pressure sensitivity of the pressure sensor 

can be based on the multiscale structure (it consists of the wavy 

structure and the rough surface of the crest) and the deformable 

property of the electrode. The AgNW-embedded PDMS 

electrode can be deformed by the applied pressure or external 

force. From this property, the contact area and the volume of air 

gap between the multiscale-structured electrode and dielectric 

layer are changed by the applied pressure. Therefore, when the 

pressure is applied to the sensor, the sharp contact edges of the 

wavy structure and the rough surface of the crest provide 

dramatic changes of the contact area and the volume of air gap. 

Through these changes of the contact area and the volume of air 

gap, the capacitance of the sensor changes dramatically and the 

sensor shows high pressure sensitivity. Due to the rubberlike 

property of the multiscale-structured electrode, any kind of the 

dielectric layer that shows higher mechanical rigidity than the 

multiscale-structured electrode can be used to the sensor. 

Polymer dielectric materials such as PMMA and PVP can be 

applied to the sensor as a dielectric layer as shown in Fig. 3a. 

Even oxide dielectric material can be used to the sensor. (see 

ESI, Fig. S6†). Each sensitivity of the sensors was similar, with 

the variation below 10 %, regardless of the kind of polymer 

dielectric layer.  

Fig. 3c and insets show the response and relaxation times of 

the sensor. When the pressure of 1.5 kPa was loaded and 

unloaded to the sensor, the response and relaxation times were 

less than 150 ms, respectively. When the pressure like stair 

shape, a rising and falling pressure (400 Pa → 1500 Pa → 400 

Pa → no load), is applied, the response and relaxation times are 

less than 500 ms and the capacitance shows the same value for 

the same pressure regardless of the previous pressure (Fig. 3d). 

The capacitance of the sensor does not change for the static 

pressure, which means the stable operation of the sensor for the 

static pressure and demonstrates the accurate measurement for 

the applied pressure (Fig. 3c and d). 

The stability of the pressure sensor was investigated from the 

repeated loading/unloading cycling test. The capacitance 

changes of the sensor were measured when the pressure of 1.5 

kPa was loaded and unloaded repeatedly up to 1500 times as 

shown in Fig. 4a. The capacitance of the sensor at each pressure 

was hardly changed for repeated cycles. The result indicates 

that the pressure sensor has high stability for the repeated 

loading/unloading. In addition, the bending stability of the 

sensor was tested by using a home-made bending apparatus. 

For the bending test, the multiscale-structured electrode was 

fastened to the bottom plane by using a Kapton tape. The 

relative capacitance change- pressure curve of the sensor were 

measured before bending and after 5000-cycle bending with 3 

mm radius of curvature. The relative capacitance changes of the 

5000-cycle bending tested sensor at each pressure show no 

appreciable degradation in comparison with the as-prepared 

sensor (Fig. 4b). The pressure sensor with the multiscale-

structured electrode is robust and stable to the repeated 

loading/unloading and bending cycles based on the above 

results.  

The AgNW-embedded multiscale-structured PDMS electrode 

can be easily handled and scaled up for a large-area fabrication. 

Simply, by cutting and attaching the multiscale-structured 

PDMS electrode of desired size onto the PET substrate (50 µm 

thick), we fabricated pixel-type capacitive pressure sensor 

arrays. The bottom Ag electrode was inkjet-printed and PVP 

dielectric layer was spin-coated. As shown in Fig. 5a and 5d, 

sensor arrays with 3 × 3 pixels and 5 × 5 pixels were obtained 

(size of the sensor array is 24 × 24 mm2) and the sizes of each 

capacitor were 4 × 4 mm2 and 2 × 2 mm2, respectively. To 

investigate the sensing ability of the sensor arrays, a small 

weight (5 g, 8 mm diameter) was loaded to the marked site of 

the sensor array with 3 × 3 pixels as shown in Fig. 5a and 5b. 

The corresponding result is visualized to a two-dimensional 

intensity profile as shown in Fig. 5c. It is notable that the 

loaded site only shows a large increment of capacitance and 

other sites show small increments of capacitances. Also, the 

large increment value that obtained from this array device is 

similar to that of the single sensor device for 1.5 kPa pressure. 

We also fabricated the sensor array with 5 × 5 pixels that has 

much smaller size of pixel (2 × 2 mm2). This 5 × 5 sensor array 

has a smaller sensing area per pixel than 3 × 3 array (Fig. 5d). 

Small weights (1 g, 6 mm diameter and 2g, 6mm diameter) 

were loaded onto the marked sites as shown in Fig. 5d and 5e. 

The corresponding result is visualized to a two-dimensional 

intensity profile as shown in Fig. 5f. The capacitances of the 

sites with weights only increase dramatically. The increment 

value of the site with 2g weight is higher than those of the sites 

with 1g weight and the increment values of the sites with 1g 

weight are almost same. These results from sensor arrays of 3 × 

3 pixels and 5 × 5 pixels demonstrate that the sensor arrays can 

detect the spatial distribution of the applied pressure with the 

sensitivity as high as that of the single sensor and be applied to 

the electronic skins or large area wearable sensing devices. 

Our pressure sensor can be used to measure the pressures of 

fingertips when an object is grabbed with fingers. To realize the 

fingertip pressure sensing prototype device, each sensor was 

attached on the four fingers except a little finger as shown in 

Fig. 6a. The capacitor size of each finger sensor was 4 × 4 mm2 

and PMMA was used as a dielectric layer. The plastic beaker 

(28.11 g) was grabbed tightly not to drop it down by the four 

fingers (Fig. 6b). Fig. 6c shows each capacitance change ratio 

(∆�/��) of the pressure sensors attached on the four fingers. 

The capacitance change ratio of the sensor on the thumb is 

about 7.6, the largest value among the fingertip sensors, which 

means that the highest pressure was applied to the thumb 

among the four fingers when the beaker was grabbed. The 

capacitance change ratio of the index finger is the second 

largest (5), that of the middle finger is third (4.6) and that of the 

ring finger is forth (3.2). The result demonstrates that the 
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pressure sensor can be used to sense the fingertip pressure 

distribution, when grabbing an object. Our pressure sensor can 

be applied to the finger or hand muscles rehabilitation treatment 

to measure the degree of the grip strength of the patient and the 

sportswear to measure the distribution of pressures or forces of 

people’s hands when grabbing a ball, a bat, a racket, a golf 

club, etc. 

 

3. Conclusions 

In summary, we developed capacitive pressure sensors based 

on the robust and elastomeric AgNW-embedded multiscale-

structured PDMS electrode with a low-cost and simple 

fabrication process for the first time. The capacitive pressure 

sensor has high pressure sensitivity 3.8 kPa-1 (45 ~ 500Pa), 0.8 

kPa-1 (500 Pa ~ 2.5 kPa) and 0.35 kPa-1 (2.5 ~ 4.5 kPa) and can 

detect very small pressure of 15 Pa. The sensor also shows fast 

response and relaxation times (< 150 ms), high stability for 

repeated cycles over 1500 times and high bending stability. We 

demonstrated easy handling and scaling up of our sensor by 

fabricating 3 × 3 and 5 × 5 arrays. These arrays also show high 

pressure sensitivity similar to the single sensor device and can 

detect the spatial distribution of the applied pressure. We also 

fabricated the fingertip pressure sensing device to detect the 

pressure distribution of fingers, when grabbing an object. The 

highly sensitive and stable capacitive pressure sensor with a 

low-cost fabrication and easy handling may open and broaden 

its application to wearable electronic skins for rehabilitation 

treatment of patients and pressure mapping in sports activities 

or daily activities. 

 

4. Experimental 

4.1. Preparation of the multiscale-structured electrode 

The mould PDMS was prepared by mixing the liquid PDMS 

elastomer (Sylgard 184, Dow corning) and a curing agent in the 

ratio 10:1 by weight. The liquid mixture was poured onto a 

glass substrate and thermally cured at 130 °C for 20 min. The 

cured PDMS was cut into rectangles (8 cm × 10 cm) and placed 

onto the glass substrate. After that, we stretched the PDMS 

uniaxially up to 40% with tweezers, and fixed the both ends of 

PDMS with binder clips. The stretched PDMS was UV/O3-

treated (power = 28 mW cm-2) for 30 minutes to form the SiOX 

thin film on the PDMS surface. AgNWs (SLV-NW-90, Blue 

Nano inc.) were tip-sonicated (52 W, 10 minutes) to obtain the 

length of 5 ~ 10 µm. AgNWs were bar-coated onto the 

stretched and UV/O3 treated PDMS several times through the 

Arylite mask (3 cm × 4 cm) to obtain the resistance below 30 

Ω. The bar-coated AgNW film was dried at 60 °C for 30 min. 

After the heat treatment, AgNW coated PDMS was released to 

its original condition (no strain) to introduce the spontaneous 

buckle formation. Finally, the liquid mixture of a liquid PDMS 

elastomer and a curing agent (10:1, w/w) was casted onto the 

buckled surface of the AgNW coated PDMS, followed by 

curing at 65 °C for 12 h. After the curing process, we inverted 

the cured PDMS/mould PDMS and then peeled off the mould 

PDMS from the AgNW-embedded PDMS while the AgNW-

embedded PDMS is attached to the glass by using tweezers.  

4.2. Fabrication of Pressure sensors and arrays  

The Ag ink (Sigma-Aldrich) was printed on the flexible 

Arylite substrate (200 µm thickness, Ferrania Corp.) by using a 

piezoelectric inkjet-printer (DMP-2831, Dimatix Corp.), and 

then sintered at 100 °C for 1 h. A PMMA solution containing 

10 wt% of PMMA (Mw ~120,000, Sigma-Aldrich) dissolved in 

propylene glycol methyl ether acetate (PGMEA) or a PVP 

solution containing 10 wt% of PVP (Mw ~30,000, Sigma-

Aldrich) and 2 wt% of poly(melamine-co-formaldehyde) as a 

cross-linking agent dissolved in PGMEA was spin-coated on 

the Ag printed Arylite substrate for the formation of the 

dielectric layer. Afterward, the PMMA film was dried at 120 °C 

for 1h and the PVP film was cross-linked at 200 °C for 1 h. The 

pressure sensors were fabricated by laminating the multiscale-

structured electrode (A pressure of 10 kPa was applied to the 

multiscale-structured electrode before the lamination) on top of 

the dielectric layer/Ag printed Arylite substrate and thin PET 

film (50, 100 µm thickness, Toray Corp.) was placed on top of 

the multiscale-structured PDMS to avoid the stickiness of 

PDMS during the pressure sensing tests. Both electrodes were 

connected to copper wire with silver paste for electrical 

measurements. For 3 × 3 and 5 × 5 sensor arrays, the 

multiscale-structured electrodes were cut into 2 mm × 22 mm 

and 4 mm × 22 mm respectively by a razor blade and attached 

to PET film to form pixel type arrays. For the fingertip pressure 

sensors, we stuck elastomeric foam-tape (3MTM VHBTM Tape) 

on the poly glove and laminated each bottom plane on the tape. 

After that, we sandwiched the multiscale-structured electrode 

on the bottom plane by using Kapton tape to fabricate the 

pressure sensors. 

 

4.3. Microstructural characterization and measurements 

 The microstructure of the AgNW-embedded multiscale-

structured PDMS electrode was characterized by a field 

emission scanning electron microscope (FE-SEM, Hitachi S-

48000), a 3-D surface profiler (NanoFocus) and AFM (XE-100, 

Park Systems Corp.). For the 3-D surface profiler measurement, 

thin gold layer (20nm) was deposited on the PDMS and 

AgNW-embedded PDMS by using thermal evaporator. The 

microscopic images were obtained by an optical microscope 

(EGTECH). Capacitance was measured at 1 kHz with a 0.1 V 

a.c. signal by using the Agilent 4284A LCR meter. IMADA 

force gauge with z-axis stage was used to apply the pressure to 

the sensor and metal or plastic weights were used to apply the 

pressure to the arrays and the sensor. A mechanical bending test 

was performed using a home-made bending apparatus. 
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Fig. 1 Fabrication process of the multiscale-structured electrode and the capacitive pressure sensor. (a) Schematic diagrams of the 

fabrication process of the AgNW-embedded multiscale-structured PDMS electrode. (b) Microscopic images of the AgNW film at 

each fabrication step. AgNW film was bar-coated on the PDMS (left). Buckled AgNW film was formed after strain releasing 

(middle). The buckled AgNWs were totally embedded into the PDMS and AgNWs were hardly left on the mould PDMS (right). 

(Scale bar = 100 µm). (c) Schematic diagrams of the fabrication process of the capacitive pressure sensor. The capacitive pressure 

sensor is obtained by laminating the multiscale-structured electrode onto the bottom plane comprised of inkjet-printed Ag 

electrode and spin coated dielectricl layer. 
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Fig. 2 The microstructure of the multiscale-structured 

electrode. (a) SEM image of the multiscale-structured electrode 

with high uniformity. (b) AgNWs are totally embedded into the 

PDMS and the high magnification inset image shows that 

AgNWs are embedded well even in the crest of the wavy 

structure. (c) 3-D surface profiler image of the multiscale-

structured electrode. The rough surface at the crest of wavy 

structure is formed. (d) AFM image and line profile of the crest 

of the multiscale-structured electrode. In this crest, the root-

mean-square (RMS) value of the measured line roughness is 

about 350 nm. (e) 3-D surface profiler image of the structured 

PDMS (AgNWs were not bar-coated onto the mould PDMS. It 

means that the bar-coating of AgNWs is omitted from the 

fabrication process in Fig. 1a). (f) AFM image and line profile 

of the crest of the structured PDMS. In this crest, the root-

mean-square (RMS) value of the measured line roughness is 

about 30 nm. 
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Fig. 3 Characterization of the capacitive pressure response of the pressure sensor. (a) Relative capacitance change-pressure curve 

for the multiscale-structured electrode with PVP or PMMA dielectric layer and the non-structured flat electrode with PVP 

dielectric layer. The sensors with the multiscale-structured electrode exhibit higher pressure sensitivity than the sensor with non-

structured electrode. (b) Capacitance-time curve for the detection of very small pressure (15 Pa) according to the loading and 

unloading of a paper ship (40mg). (c) Fast response and relaxation time (< 150 ms) of the sensor. (d) Stair-like pressure loading 

and unloading. The sensors show fast response and relaxation regardless of the previous pressure. 
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Fig. 4 Stability of the pressure sensor. (a) Stability of pressure 

response to the 1500-cycle loading/unloading pressure of 1500 

Pa. (b) Bending stability of pressure response after 5000-cycle 

bending test.  
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Fig. 5 Pixel-type pressure sensor arrays. (a) Photograph of the sensor array with 3 � 3 pixels. (b,c) 5g weight is loaded onto the 3 

� 3 sensor array and the corresponding two-dimensional intensity profile is shown. (d) Photograph of the sensor array with 5 � 5 

pixels. (e,f) 1g and 2g weights are loaded onto the 5 � 5 sensor array and the corresponding two-dimensional intensity profile is 

shown. 
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Fig. 6 Fingertip grip pressure sensing device. (a) Photograph of 

the fingertip grip pressure sensor. Each pressure sensor is 

attached on the fingertips. (b,c) Grabbing a plastic beaker with 

four fingertips and the corresponding relative capacitance 

changes are visualized. 
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