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 ABSTRACT 

With the rapid development of wearable devices, flexible pressure sensors with

high sensitivity and wide workable range are highly desired. In nature, there

are many well-adapted structures developed through natural selection, which

inspired us for the design of biomimetic materials or devices. Particularly, human

fingertip skin, where many epidermal ridges amplify external stimulations, might 

be a good example to imitate for highly sensitive sensors. In this work, based

on unique chemical vapor depositions (CVD)-grown three-dimensional (3D)

graphene films that mimic the morphology of fingertip skin, we fabricated flexible 

pressure sensing membranes, which simultaneously showed a high sensitivity

of 110 (kPa)−1 for 0–0.2 kPa and wide workable pressure range (up to 75 kPa). 

Hierarchical structured polydimethylsiloxane (PDMS) films molded from natural 

leaves were used as the supporting elastic films for the graphene films, which

also contribute to the superior performance of the pressure sensors. The pressure 

sensor showed a low detection limit (0.2 Pa), fast response (< 30 ms), and excellent 

stability for more than 10,000 loading/unloading cycles. Based on these features,

we demonstrated its applications in detecting tiny objects, sound, and human 

physiological signals, showing its potential in wearable electronics for health

monitoring and human/machine interfaces. 

 
 

1 Introduction 

Electronic skin (e-skin) is of paramount importance 

for applications such as health monitoring, robotics, 

and prosthetics control, motivating a revolution in 

the field of electronics [1–8]. As a vital component  

of e-skin, flexible pressure sensors, which are highly 

sensitive and can be conformally attached on arbitrary 

surfaces, play critical roles in the development of 

e-skin [9–15]. The mechanisms of pressure sensors are 

typically based on transistor sensing [16], capacitive 

sensing [17–20], triboelectric sensing [21], piezoelectric 

sensing [22, 23], and piezo-resistive sensing [24–28], 

among which, the piezo-resistive pressure sensors have 

attracted increasing attention due to their simplicity 

in device fabrication and high sensitivity [29–32]. The  
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typical strategy to fabricate a piezo-resistive pressure 

sensor is to combine conductive materials including 

nanowires [26, 32], carbon nanotubes [33–35], car-

bonized fabrics/film [36, 37], and graphene [16, 34, 38] 

with a flexible elastomer to obtain highly sensitive 

and flexible pressure sensors [30, 39–43].  

Since its discovery in 2004 [44], graphene, as the star 

of two-dimensional (2D) materials, has gained extensive 

attention [45, 46]. Due to its high transmittance, superior 

electron mobility, high electrical and thermal con-

ductivity, and excellent mechanical flexibility, significant 

efforts have focused on the applications of carbon 

materials in flexible electronic devices [47], including 

flexible displays [48], energy devices [49, 50], and 

flexible sensors [51–53]. Particularly, graphene can be 

used for the fabrication of flexible pressure sensors. 

With an external force loading, the symmetry of the 

atomic periodicity in graphene will break, and the 

electronic structure will distort, inducing piezo- 

resistive responses. Although the flexibility of graphene 

pressure sensors is excellent, the response of pristine 

graphene to pressure is relatively small, indicating  

a low sensitivity. In order to increase the sensitivity, 

various strategies using structured graphene or 

patterned substrates have been developed. For example, 

hierarchical structured polydimethylsiloxane (PDMS) 

covered with a graphene monolayer has been used 

to fabricate a pressure sensor, which showed a sen-

sitivity of 8.5 (kPa)−1 in a pressure range of 0–12 kPa 

and detection limit of 1 Pa [54]. A bubble-decorated 

honeycomb like graphene film was used to fabricate 

a pressure sensor, which showed a sensitivity of 

161.6 (kPa)−1 for the pressure ranges of 9–560 Pa and 

0.92 (kPa)−1 for 2–10 kPa [29]. In addition, graphene 

self-assembled in a porous polymer sponge, such as  

a polyurethane sponge, have also been reported as 

pressure sensors [55, 56]. Despite these great achieve-

ments, it is still challenging to fabricate graphene 

pressure sensors with both high sensitivity and 

wide pressure sensing range. The morphology and 

structure of the graphene in the pressure sensor play 

vital roles in determining the performance. Clearly, 

hierarchical structures in both the active graphene 

materials and supporting matrix will promote the 

performance of the pressure sensors. Actually, there 

are many hierarchical structures in nature that   

have developed after the millions of years of natural 

selection, inspiring us to develop bio-mimicking 

materials and systems with superior performances. 

Particularly, there are many epidermal ridges on the 

skin of the human fingertip, which serve to amplify 

subtle external stimulations, inspiring us to design 

highly sensitive fingertip-skin like pressure sensors. 

Here, we report the growth of a three-dimensional 

(3D) graphene film mimicking the morphology of 

fingertip-skin directly by chemical vapor deposition 

(CVD) and demonstrated its application in highly 

sensitive flexible pressure sensors with a wide response 

range. The 3D graphene film, which consists of a con-

tinuous graphene film and closely packed concentric 

graphene nanoribbon rings, formed from the fast 

growth of graphene in a CVD system with abundant 

gas precursors and H2. To achieve ultrasensitive 

pressure sensors, hierarchical structured PDMS films, 

which were molded from natural leaves, were used 

as the supporting films, endowing abundant contact 

sites for improving the sensitivity. Pressure sensors 

were fabricated by integrating the 3D graphene film 

with hierarchical structured flexible elastomer sub-

strates, which showed sensitivity of 110 (kPa)−1 for a 

pressure range of 0–0.2 kPa, 3 (kPa)−1 within 0.2–15 kPa, 

and 0.26 (kPa)−1 for a pressure range of 15–75 kPa. 

Based on the superior performance of the pressure 

sensor, we demonstrated its applications in detecting 

tiny objects, sound, and human physiological signals 

including wrist pulse and throat phonation signals, 

showing its wide potential applications in wearable 

devices, human-machine interfacing, and smart robots. 

2 Results and discussion  

The 3D graphene film was synthesized on a Cu 

substrate using atmospheric pressure CVD. The growth 

of fingerprint-like 3D graphene film was carried out 

with a high partial pressure of hydrogen (H2) and 

methane (CH4) (see Experimental). The key parameter 

in the formation of concentric hexagonal graphene 

nanoribbon rings in the 3D graphene film is the large 

partial pressure of H2. Figure 1(a) illustrates the 

growth process and the proposed growth mechanism 

of the 3D graphene film. The growth process can  

be summarized as the repeated nucleation, growth, 
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and coalescence of graphene seeds, forming the 3D 

structure. During the traditional 2D graphene growth  

process, graphene nucleates on the active sites (such 

as impurities, sharp wrinkles, and defects) on the 

Cu surface, and then grows by capturing the carbon 

species [56]. In contrast, the formation mechanism  

of the fingerprint-like 3D graphene is different from 

the seed-induced 2D graphene growth, which can  

be regarded as edge-nucleated. Firstly, monolayer 

graphene domains nucleate on the Cu surface and 

constantly grow by capturing active carbon species. 

With the formation of the upper graphene layer, new 

graphene layers will nucleate under the edge of the 

initial graphene layer and then form multi-layer 

graphene nanoribbons, which can be understood 

considering the edge seed-induced growth occurred 

in a hydrogen rich environment [57–59]. At the same 

time, the top layer graphene continues to grow and 

exposes new edges for nucleation. Because the top 

graphene film grows faster than the new graphene  

layers underneath, the top layer of graphene repeatedly 

exposes new edges, eventually forming concentric 

graphene nanoribbon rings beneath the top graphene 

film. Figure 1(b) schematically illustrates the structure 

of a 3D graphene film, which contains a continuous 

graphene film and closely packed concentric hexagonal 

graphene nanoribbon rings. The unique structure 

endowed the graphene film with excellent electrical 

conductivity, structural integrity, and high potential 

for applications in sensors. The structure of the   

3D graphene film was similar to the morphology of 

fingertip skin (Fig. 1(c)), where connected epidermal 

ridges amplify subtle stimulation. 

Figure 1(d) shows the scanning electron microscope 

(SEM) image of a 3D graphene film transferred onto 

a silicon (Si) substrate with a 285-nm thick silicon oxide 

 

Figure 1 Synthesis and structure of the 3D graphene film. (a) Schematic diagram showing the CVD process and the mechanism for the
growth of 3D graphene film. (b) Schematic illustration showing the structure of the 3D graphene film containing a continuous graphene
film and closely packed concentric hexagonal graphene nanoribbon rings. (c) Picture of a fingertip and its fingerprint. (d) SEM image of
a 3D graphene film on a SiO2/Si substrate. Scale bar: 20 µm. (e) Raman spectra taken from three points of a graphene domain in (d).
The top line corresponds to the darker area indicated by the square and the bottom line corresponds to the lighter area indicated by the
circle. (f) AFM image taken from a part of a graphene domain. The inset line shows the height of the graphene ribbons. Scale bar: 5 µm.
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layer (SiO2). The color contrast shows the different 

thicknesses of the graphene film. The graphene nano-

ribbon rings with dark color were uniformly arranged 

around the nucleation centers, forming concentric 

structures. Raman spectroscopy was used to further 

characterize the 3D graphene film. Raman spectra 

obtained from three points in one graphene domain 

are shown in Fig. 1(e). The top layer of graphene was 

composed of a monolayer and few-layered graphene 

domains, and the graphene nanoribbon rings had 

relatively more layers of graphene. In Fig. 1(d), for the 

point with a circle, the intensity ratio of the 2D peak 

to G peak (I2D/IG) was larger than 2, and the full 

width at half-maximum of the 2D peak was about  

30 cm−1, indicating it was a monolayer graphene 

domain. In contrast, for the area marked with a triangle, 

the I2D/IG was near 1, indicating it was a few-layered 

graphene domain, and for the area marked with a 

square, the I2D/IG of the Raman spectrum was much 

smaller than 1, indicating there was multilayer graphene. 

We further used atomic force microscopy (AFM) to 

characterize the morphology of a 3D graphene film 

that was transferred onto a 285 nm SiO2/Si substrate. 

Figure 1(f) shows the AFM image taken from a part 

of a graphene domain. Closely packed concentric 

graphene nanoribbon rings with an intersection angle 

of 120° can clearly be observed. As shown by the 

section analysis, the height of the graphene nano-

ribbon was around 3–5 nm, demonstrating the unique 

3D structure of the graphene film. 

To fabricate high performance pressure sensors, the 

3D graphene film was combined with hierarchical 

structured elastic substrates. Flexible substrates 

containing uniform microstructures can promote the 

sensitivity of the pressure sensor for small pressures. 

However, this strategy is not effective for large 

pressures, leading to a limited detecting pressure range 

[27]. Natural plant leaves possess unique hierarchical 

structures, including macroscale veins and surface 

micro/nano-structures. Figure 2(a) schematically 

illustrates the assembling process of a pressure sensor 

based on 3D graphene films and hierarchical structured 

PDMS films. The PDMS films were molded from 

Epipremnum aureum leaves. The thickness of the PDMS 

film was controlled within a range of 280 ± 50 μm. 

The surface structures of the leaf and the PDMS film 

were characterized using optical microscopy, SEM, and 

AFM. As shown in Figs. 2(b) and 2(c), there are dense 

small protuberances located on large embossments on 

the E. aureum leaf. Figure 2(d) shows the morphology 

 

Figure 2 Fabrication process of the pressure sensors and the hierarchical structures of the films. (a) Schematic illustration showing the 
fabrication process of a pressure sensor. (b) and (c) Optical images of an E. aureum leaf. Scale bar in (b): 500 µm and scale bar in (c): 100 µm. 
(d) SEM image of a patterned PDMS film. Scale bar: 50 µm. (e) 3D view AFM image of a patterned PDMS film. (f) and (g) SEM images of 
a patterned PDMS thin film covered with a 3D graphene film. Scale bar in (f): 50 µm and scale bar in (g): 2 µm. (h) Photograph of a flexible
pressure sensor. (i) Transmittance spectra of the PDMS/graphene composites film. 
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of the molded PDMS film, indicating the structures  

on the leaf can be transferred onto the PDMS film 

with good fidelity. Figure 2(e) shows a 3D AFM 

image of the PDMS film, demonstrating the convex 

polygonal structures with a height of about 4 μm. 

Figures 2(f) and 2(g) exhibit typical SEM images of the 

patterned PDMS film covered with a 3D graphene 

film, showing the conformal coating of the graphene 

on the PDMS surface, which is of great importance 

to achieve pressure sensors with high stability. In 

addition, the PDMS/graphene composite films have 

high transmittance near 90%, as shown in Figs. 2(h) 

and 2(i). Finally, an interlocked construction pressure 

sensor was constructed by putting two PDMS/graphene 

composite films face to face while using two Cu wires 

connected to each of the two films as the electrodes. 

The bionic hierarchical structures in the pressure 

sensor endowed it with high sensitivity within a wide 

pressure range. Figure 3(a) schematically illustrates 

the evolution of the contact between the top and 

bottom hierarchical structured composite films with a 

pressure loading. As the external pressure increases, 

the hierarchical structures on the surface will deform 

and the number of contact points will increase. 

Figure 3(b) shows the current-pressure plot of the 

pressure sensor. The sensitivity (S) of the pressure 

sensor can be defined as 

0

0

0

I I

I
S

P P






                 (1) 

where I0 is the initial current of the pressure sensor,  

I is the current of the pressure sensor with the 

application of external pressure, and P is the applied 

pressure. As shown in Fig. 3(b), the curve can be 

divided into three parts according to the sensitivity. 

The sensitivity was 110 (kPa)−1 for a pressure range of 

0–0.2 kPa, 3 (kPa)−1 in a pressure range of 0.2–15 kPa, 

and 0.26 (kPa)−1 for 15–75 kPa and even higher pressure. 

We compared the performance of different devices 

and found that the 3D graphene film based pressure 

sensors showed good uniformity and repeatability 

(Fig. S1 in the Electronic Supplementary Material 

(ESM)). Under static pressure, the sensors showed 

steady responses, and the signals remained constant 

under each static pressure (Fig. S2 in the ESM). 

Figure 3(c) presents the cyclic response of the device to 

some fixed small pressures in the range of 15–250 Pa, 

indicating the excellent stability of the pressure sensor 

for monitoring small pressures. Furthermore, we 

increased the loading/unloading frequency from 0.5 

to 2 Hz and found the corresponding signals remained 

steady without any observable variations (Fig. S3 in 

the ESM), indicating the fast response and instant 

recovery of the pressure sensor. Figure 3(d) shows 

the response time of the sensor, which is less than  

30 ms. Figure 3(e) shows the responses of the device 

to cyclic loading/unloading of a pressure of 150 Pa 

for more than 10,000 cycles. Furthermore, the results 

showing cyclic loading/unloading of 70 kPa for more 

than 5,000 cycles are shown in Fig. S4 in the ESM. 

These results reveal that the pressure sensor possessed 

high stability, good repeatability, and excellent 

durability with unobservable hysteresis. 

 

Figure 3 Performance of the bionic hierarchical structured pressure 
sensor based on 3D graphene films. (a) Schematic illustration 
showing the contact phenomena of hierarchical structured PDMS/ 
graphene composites film with pressure. (b) Current–pressure 
plot for pressure range of 0–75 kPa. The sensitivity is 110 (kPa)−1 
within 0–0.2 kPa, 3 (kPa)−1 in a pressure range of 0.2–15 kPa, and 
0.26 (kPa)−1 for 15–75 kPa and even higher pressure. (c) Current– 
pressure plots of the pressure sensor obtained with cyclic loading– 
unloading of certain small pressures. (d) Response time of the 
pressure sensor for 50 Pa, showing its fast response within 30 ms. 
(g) Cyclic loading/unloading test under 150 Pa for 10,000 cycles. 
The applied voltage is 3 V in all tests. 
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To confirm the contribution of the unique fingerprint- 

like 3D graphene structure to the performance of the 

pressure sensors, we also fabricated a pressure sensor 

using plain monolayer graphene films coated on 

hierarchical structured PDMS films for comparison. 

When monolayer graphene was used, the pressure 

sensor showed relatively low sensitivity (Fig. S5 in the 

ESM) and low stability compared to that of the 3D 

graphene pressure sensor. Under physical deformations, 

cracks more easily form in plain monolayer graphene 

films, resulting in unstable performance. These results 

revealed the vital role of the fingerprint-like 3D 

graphene film on ensuring the high performance of 

the pressure sensors. In addition, we further explored 

the influence of temperature and humidity on the 

sensor. The sensor was tested with loadings of 100 

and 1,000 Pa at a temperature range of 10 to 90 °C, and 

it exhibited only slight signal drift with temperature 

(Fig. S6(a) in the ESM). As for the influence of humidity, 

we sprayed water vapor on the sensor while loading 

a grain of mung beans on it and found that the response 

of the sensor remained stable (Fig. S6(b) in the ESM). 

We compared the performance of our pressure sensor 

with reported representative high-performance, flexible, 

piezo-resistive pressure sensors and summarized the 

results in Table S1 in the ESM. The bionic hierarchical 

structured pressure sensor based on 3D graphene 

films possessed superior performance including high 

sensitivity, low detection limit, and fast response, 

promising great potential in applications for wearable 

devices. 

To confirm the contribution of the hierarchical 

structures on the PDMS films to the performance of 

the pressure sensors, we also fabricated a pressure 

sensor using PDMS films molded from a Teflon 

membrane for comparison. The film molded from the 

Teflon membrane only had smaller microstructures 

on the surface, which were dense bulges with a size 

of 500 nm and height of 1 μm (Fig. S7 in the ESM). 

The testing results showed that the pressure sensor 

with structures molded from the Teflon membrane 

had relatively low sensitivity and limited workable 

pressure range (Fig. S8 in the ESM), indicating the 

importance the hierarchical structures on the PDMS 

films molded from the natural E. aureum leaf in 

determining the performance of the pressure sensors. 

Owing to its high sensitivity and wide workable 

pressure range, the flexible pressure sensors based on 

3D graphene films have many potential applications 

in wearable electronics. We demonstrated its applica-

tion in detection of subtle pressures. Figures 4(a)–4(c) 

showed the response of the pressure sensor to tiny 

objects, including a piece of paper, a pupa, and staples. 

As seen in Fig. 4(a), the pressure sensor can detect 

the loading of a piece of paper with a weight of only 

8 mg (about 0.2 Pa), showing a detection limit lower 

than many previous reports [24, 26–28]. 

In addition, subtle human motions, including pulse 

and phonation could also be accurately and promptly 

detected by the 3D graphene film based bionic 

pressure sensor. For demonstration, we attached a 

pressure sensor on the wrist of a volunteer (as seen  

in Fig. 4(d)). Figure 4(e) shows the current variation 

induced by the pulse in a relaxed state and after 

exercise. The results clearly demonstrated the stable 

and repeatable pulse shape in a relaxed condition 

with a frequency of 78 beats per minute and the 

deformed shape after exercise with a frequency of 

126 beats per minute. A typical magnified pulse 

waveform obtained in the relaxed condition is shown 

in Fig. 4(f), clearly displaying the percussion wave 

(P-wave), tidal wave (T-wave) and dicrotic wave 

(D-wave) that are related to the systolic and diastolic 

blood pressure, the ventricular rate, and the heart rate, 

respectively. These results show that the potential of 

the pressure sensor as a non-invasive medical device 

for monitoring human health in real time. 

The device could also be attached onto a neck to 

monitor tiny muscle and epidermal movement during 

speaking to recognize phonation, as shown in 

Fig. 4(g). Figures 4(h)–4(j) show the detected current 

change signals during the subject repeatedly saying 

“hello”, “carbon”, and “graphene”, respectively, 

displaying distinguishable and repeatable signal 

patterns corresponding to specific words. Sounds 

could also be detected by the pressure sensor. A 

pressure sensor based on the 3D graphene film was 

attached on the vibrating membrane of a loudspeaker 

box, which was playing repeated audio (Fig. S9(a) in 

the ESM), and the signal of the sensor corresponding  
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to the played audio is shown in Fig. S9(b) in the ESM. 

The sensor showed an almost synchronous response 

to the audio and most of the characteristic peaks 

remained consistent during the loop playback, de-

monstrating the potential application of the pressure 

sensor in phonation rehabilitation training and 

human/machine interaction. 

For practical applications in wearable devices and 

e-skin, the spatially resolved detection of pressures is 

highly desired. We fabricated a pressure sensor matrix 

with 64 pixels (8 × 8 elements) using large-area 3D 

graphene films as the active materials (as seen in 

Fig. S10(a) in the ESM). When touched by a fingertip, 

the sensor array displayed a current change signal 

mapping (Fig. S10(b) in the ESM) corresponding to 

the distribution of pressures on the surface. We also 

loaded small glass beads on the sensor array to see 

its response (Figs. S10(c) and S10(d) in the ESM), 

demonstrating its ability for spatial resolution. 

3 Conclusions 

In summary, we reported the direct growth of 

fingerprint-like patterned 3D graphene films by CVD. 

Using these films, we fabricated high performance 

wearable pressure sensors with high sensitivity in a 

wide workable pressure range. Two 3D graphene films 

individually supported on a hierarchical structured 

PDMS film were put face to face and fabricated into a 

pressure sensor with good flexibility and transparency. 

The bionic hierarchical structures in the pressure sensor 

endow it with both a superior sensitivity and wide 

workable range. The pressure sensor shows sensitivity 

as high as 110 (kPa)−1 (for 0–0.2 kPa), fast response  

(< 30 ms), high durability, and a detection limit as 

low as 0.2 Pa. Based on its high performance, we 

demonstrated its applications in detecting tiny objects, 

subtle human physiological signals (such as wrist 

pulses and phonation), and sounds. Furthermore, 

the 3D graphene films could be easily fabricated 

into a sensor array for spatially resolved detection of 

pressures. We believe this bionic graphene pressure 

sensor, based on its high performance and facile 

fabrication, might have great potential in health 

monitoring, voice discrimination, phonation rehabilita-

tion training, and human/machine interfaces. 

 

Figure 4 Applications of the pressure sensor in detection of tiny objects and subtle human motions. (a)–(c) Response signals induced 
by loading of (a) a piece of paper, (b) a pupa, and (c) staples. (d) Photograph showing a sensor attached onto a wrist. (e) Signals induced
by a pulse in a relaxed state and after exercise. (f) Magnified pulse waveform. (g) Photograph of a pressure sensor attached on a neck. 
(h)–(j) Signals induced by speaking of (h) “carbon”, (i) “hello”, and (j) “graphene”. 
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4 Experimental 

4.1 Synthesis of the 3D graphene film 

The 3D graphene film was directly grown on copper 

foil (25 μm thick, Alfa Aesar Inc) by CVD. The copper 

foil was cleaned in acetic acid for 30 min at 80 °C  

to remove the surface oxide and then washed with 

acetone, ethyl alcohol, and deionized (DI) water. After 

being dried in nitrogen, the copper foil was put in a 

high-temperature tube furnace and heated to 1,060 °C in 

60 min with a flow of argon (250 sccm, 99.999% purity). 

After the temperature reached 1,060 °C, 300 sccm 

hydrogen (99.999% purity) was introduced into the 

system and maintained for 1 h. The growth of the 3D 

graphene film was carried out with the introduction of 

methane (5 sccm, 99.999% purity) for several minutes. 

The growth was terminated by stopping the methane 

flow and cooling down the system in argon and 

hydrogen. 

4.2 Transfer of graphene to target substrates  

The transfer process was as follows: (1) Coating PMMA 

on the surface of the graphene/copper sample by spin 

coating (3,000 rpm for 30 s), (2) heating at 180 °C for 

30 min, (3) etching the copper in 1 mol/L FeCl3/HCl 

solution, (4) cleaning the floating graphene/PMMA 

films three times with DI water, (5) picking up the 

graphene/PMMA films with target substrates, (6) drying 

for 1 h in a blast oven, (7) dissolving the PMMA layer 

using 60 °C acetone, and (8) removing the remaining 

acetone in the blast oven for 10 min. 

4.3 Characterization of the 3D graphene film 

The structure of the 3D graphene films was charac-

terized by an optical microscope (LEICA DM2500 M), 

an AFM (NanoScope V, Veeco), and a field emission 

scanning electron microscope (FE-SEM) (FEI Quanta 

650). The quality and layer numbers of the graphene 

was characterized by a Raman spectroscope with a 

laser excitation wavelength of 532 nm. 

4.4 Preparation of hierarchical structured PDMS 

film 

First, E. aureum leaves were chosen and cleaned with 

DI water. Then, these leaves were blow dried and fixed 

on the flat surface of petri dish with double-sided 

adhesive tape. Polydimethylsiloxane (Sylgard184) 

precursor with a curing agent in a 10:1 ratio by weight 

was prepared and poured onto the leaves, followed by 

heating at 80 °C for 3 h. Finally, hierarchical structured 

PDMS films were obtained by peeling the film off. 

4.5 Fabrication and testing of the flexible pressure 

sensor 

The flexible pressure sensor was constructed with 

hierarchical structured PDMS films covered with  

3D graphene films. On each of the PDMS/graphene 

composite films, a copper wire was attached at the 

side to work as the electrode. The flexible pressure 

sensor was fabricated by placing two PDMS/graphene 

composite films face to face. The loading of pressure 

was performed with a universal testing machine 

(SHIMADZU AGS-X), while the current signals of the 

pressure sensor were recorded using a digital meter 

(Keithley 2400). To fabricate the pressure sensor matrix 

with 64 pixels (8 × 8 elements), two pieces of 3D 

graphene/elastomer films with an area of 50 mm × 

50 mm were used and the interspaces between each 

3 mm × 3 mm pixel were formed by partially removing 

the 3D graphene films through scotch tape. The 

electrical response of the pressure sensor was tested 

using a digital meter (Keithley 2400). 
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