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Figure S1. Finite element method (FEM) simulation for stress-strain analysis. The FEM simulation 

processes of three-dimensional (3D) dome structure and solid spherical crowns were conducted by 

ANSYS (Ansys, Inc., Cecil Township, PA, USA). The analysis results of FEM simulation show that the 

dome structure will produce larger deformation and stresses than the solid spherical structure after 

being applied the same load. 
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Figure S2. Photograph of the two printed conductive interconnections: (a) The conductive traces on 

flexible polyethylene terephthalate (PET) substrate after 5 times printing; (b) The packaged 

conductive interconnections by double-side paste. 
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Figure S3. Conductive traces stability test: (a) Experimental scheme and method; (b) Compression 

test result showing that after 3 times printing the conductivity was stable under 20Ω during loading 

the compressive external force from 1N to 9N. The test samples had a length of 50mm with a line 

width of 2mm, which were formed by printing silver nanoparticles (AgNPs) ink on PET and 

packaging with a double-sided tape; (c) Bending test result showing that after 5 times printing the 

conductivity was stable under 10Ω during bending and folding. The test sample had a length of 10cm 

with a line width of 2mm, which was formed by printing AgNPs ink on PET and packaging with a 

double-sided tape. 

 
(a) 

 
(b) 

Figure S4. Piezoresistive nanocomposite film uniformity test: (a) Experimental method and 

procedure. We took several samples of the same geometric size along the direction of the scraper 

movement. Only one dimension, that is, scraper movement direction analysis, was discussed because 

the vertical effect is negligible; (b) The resistance value distribution of the piezoresistive 

nanocomposite film in the direction of the scraper, which shows that the resistance of both ends of 

the film is relatively large and the middle resistance distribution is more uniform. 
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Figure S5. The stability and reproducibility test of tactile sensor unit: (a) Test results under a loading 

frequency of 0.03Hz; (b) Durability test results of 3,500 loading-unloading cycles under a frequency 

of 0.65Hz in a force range of 0–5.5N; (c)–(d) Durability test results of 10,000 loading-unloading cycles 

under a frequency of 1Hz in a force range of 0–2.5N; (e) Test results of dome structured sensor unit; 

(f) Test results of flat structured sensor unit. Notes: the sample tested in (b) is the same one in Figure 

8c. The sample tested in (c) and (d) are same. It should be noticed that the results in (c) and (d) show 

distort peak with increase of frequency. To explain the distort peak, extra two tests have been 

conducted, as shown in (e) and (f). Test result in (e) where we applied a dome structured sensor unit 

shows that distort peak in resistance is unrelated to sensing materials because of corresponding 

distort in force. Test result in (f) where we applied a flat structured sensor unit shows that distort 

peak in resistance is unrelated to sensor structure. These two results show that the distort peak is 

caused by the intrinsic limitation (test frequency range is below 0.65Hz) of testing machine (ZQ–990B, 

Zhiqu Precision Instrument Co., Ltd., Dongguan, China) rather than the developed tactile sensor.  
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Table S1. Summary of typical soft sensors based on micropillar approach. 

Approach 
Manufacturing of 

mold 

Sensing 

range 
Feature Application Ref. 

Micropillar 
Photolithography 

and etching  
0–10N 

High sensitivity at 0–

2N 

Gentle touch 

sensor 
[1] 

Micropillar 
Photolithography 

and etching 
0–0.32N 

High skin 

conformability 

Pulse signal 

amplifier 
[2] 

Micropillar 
Photolithography 

and etching 
0–12N 

One-pixel size of 37 

mm × 37 mm  

Human motion 

monitor 
[3] 

Micropillar 
Photolithography 

and etching 
0–0.45N 

High sensitivity at 

low-pressure regions 

Pressure-

sensitive 

artificial skin 

[4] 

Micropillar 
Photolithography 

and etching 
0–6.4N 

High sensitivity at 

low-pressure regions 

Gentle touch 

and vibration 

sensor 

[5] 

Micropillar 
Photolithography 

and etching 
0–2.5μN 

Miniaturized size of 

10 mm × 6 mm 

Droplet sliding 

detector 
[6] 

Micropillar 
Photolithography 

and etching 
0–225μN 

High sensitivity at 

low-pressure regions 

Wrist pulse 

collector 
[7] 

Micropillar 
Photolithography 

and etching 
0–1.95N 

High sensitivity at 

low-pressure regions 

Electronic skin 

for robots 
[8] 

3D dome 

structure  

Stereolithography 

3D printing 
0–6.5N 

Enough sensitivity at 

5–6.5N; One-pixel 

size of Ф8mm 

Collision 

monitor for safe 

human-robot 

collaboration 

this 

wor

k 
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