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1. Sensitivity calculation 

The sensitivity of the pressure sensors was calculated using the following equation 

𝑆(𝑘) =
𝐽k+1 − 𝐽k−1

𝐽k(𝑃k+1 − 𝑃k−1)
 

where J and P denote the current density and applied pressure, respectively. k is a number of a 

measurement point. This sensitivity is a local one calculated by a local current density slope 

and a local pressure slope.  In other literatures,1,2 the relative current to the unloaded state is 

used for the calculation of sensitivity. However, we used the measurement system with the 

combined pressing tip and the top electrode in order to precisely evaluate the effect of the 

nanostructure starting at zero pressure. Therefore the initial current would be zero.  

 

 

2. FEM Simulation  

FEM simulation was implemented by the commercial software Ansys. Nanopillar is made of 

P3HT (density: 1.33 g cm-3,3 Young modulus: 3300 MPa,4 Poissons ratio: 0.35 5) and a top 

electrode is made of steel. We simulated the situation where the top electrode moves 

downwards at a certain speed.  The contact area was estimated by the horizontal deformation 

length of the nanopillar. The applied pressure is assumed by the distance of the movement of 

the top electrode. The ratio of the length of nanopillar of short, middle and long is 1:3:10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

3. Supplementary Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S1. SEM ESB image of AAO templates with pores. The calculated area of holes on 

AAO templates is around 32 % of the total area. The nanowire density (≈ pore density) is 

calculated as 122 wires m-2. 

 

                                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. The conductivity of the pristine and doped films after (a) Heat and (b) NaOH 

treatments. P3HT in chlorobenzene (30 g L-1) is deposited on SiO2 (300 nm)/Si substrates by 

spin coating at 2000 rpm for 30 s. The thickness of the films was 200 nm. The 

semiconducting polymer was deposited on the gold electrodes of L=20 m, W=10000 m. 

The films were doped with F4TCNQ solution (10 g L-1 in acetonitrile) with 30 s waiting time. 

The average value of four devices for one point. 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. SEM images of large area P3HT nanopillars with a length of 12 m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4.  Azimuthal integration profile of the (100) reflection of the GIWAXS pattern 

presented in Figure 2e. 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5. Setup of the pressure sensing performance measurement. The applied pressure is 

measured with the force gauge through the pressing tip. The current flows between the 

pressing tip and bottom ITO electrode. It is measured with a source meter. 

 

 

 

 

 

 

 

 

Figure S6.  The response of the loaded (28 kPa) and unloaded state of the nanopillar with a 

length of 12 m. 

 



  

 

Table S1. Performance comparison of pressure sensors. 

Type of 
devices 

Structure Functional material 
Sensitivit
y (kPa-1) 

Detection 
range (kPa) 

Applied 
voltage 

(V) 
Ref. 

Capacitive micro array PDMS, AgNW 2.04 0-9 - 6 

Capacitive coiled yarns silkworm fiber, AgNW 0.136 0-10 1 7 

Capacitive ionic gel ionic liquid 3.1 nF 0-750 0.5 8 

Piezoresistive 
multi-level 

microstructure 
GO, PDMS 1051 0.01-400 1 9 

Piezoresistive nanopillar PDMS, Au 2 0-9  1 10 

Piezoresistive hollow sphere polypyrrole 133.1 0-100 - 11 

OFET 
(Capacitive) 

microstructure PDMS, rubrene 0.55 0-20 20 12 

OFET 
printed 3D 
structure 

diF-TESADT:PMMA 1.07 0-20 

80  
(drain 
and 

gate) 

13 

Piezoresistive nanopillar 
P3HT, F4TCNQ 

doped 

0.06-1.2 
0 - 50 (low 
pressure 
range) 

0.5 
This 
work 

0.001-
0.06 

50- 400 
(high 

pressure 
range) 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7. (a) Pressure-current density relationship of the undoped nanopillar and the 

undoped flat film device. (b) Pressure-sensitivity relationship of (a). 

 The current density of the nanopillar device is about ten times higher than that of the 

flat film, but the local sensitivity of the nanopillar device is calculated as 0.001 – 0.2 kPa-

1, which is in the similar range to that of the flat film. A possible explanation is that Rpillar 

is so high such that the change of Rtop-pillar is not detected by the measurement system 

sensitively. In order to fabricate highly sensitive pressure sensors, Rpillar needs to be 

reduced. By using doping, the sensitivity of the nanopillar structure improves with 

respect to the flat film, as illustrated in Figure 3c,d.  

 

 

 

 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8. (a) Pressure-current density relationship of the doped and undoped nanopillars 

device. (b) Pressure-sensitivity relationship of (a). (c) Pressure-current density relationship of 

undoped and doped flat film with F4TCNQ solution devices.  

 (a) demonstrates the doped state of the nanopillar structure is almost 105 times higher current 

compared to the pristine state. This means that the polymer of the nanopillar structure is in a 

well-doped state. The diameter of the nanopillar is only 80 nm, allowing the dopant solution 

to easily infiltrate the inner part of the polymer nanopillar through the interface between the 

nanopillars and the solution. In contrast, the current density improvement of flat films is, as 

indicated in (c), only around 400 times, much smaller improvement than in the case of the 

nanopillar structure.  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S9. (a) Photograph and (b) Response signal of the sensor attached to a finger joint for 

monitoring finger movements. 
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