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Fig. S1 (a) The resistance change of Au/PDMS strip versus bending angle. The angle increased 
from 0 to 10° with a step of 1°. We did the linear fitting for the data points. The R2 value for 
the fitting is 0.96. The slope of the linear fitting represents the sensor’s sensitivity (ΔR/R0 per 
angle), which is 0.021. (b) The resistance change of Pt/PDMS strip versus bending angle. The 
angle increased from 0 to 10° with a step of 1°. We did two linear fittings for the data points. 
From 0 to 5°, the R2 value for the fitting is 0.96 and the sensitivity is 0.044; from 6° to 10°, the 
R2 value for the fitting is 0.96 and the sensitivity is 0.286.  
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Fig. S2 Sound pressure level versus sound frequency under the sound volume of 1%, 3%, 6%, 
9%, 12%, and 15%. The distance between the antennae and speaker is 5 mm. 
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Fig. S3 We used the sound source of 0-2000 Hz with 12% sound volume to stimulate the PI-
based antennae (Pt/PI/Pt). (a) Change of output current from the antennae. (b-d) Enlarged view 
of current changes with time in three different time zones indicated in (a). The antennae could 
not distinguish the sound frequency. 
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Fig. S4 The “sound test” in above figure means “we used the sound source of 0-2000 Hz with 
15% sound volume to stimulate the antennae for 10 times”. We observed the Pt film 
morphology at the middle part of the antennae by SEM characterization. Top-view SEM image 
of the PI-based antennae (a) before and (b) after the sound test. No change was observed for 
the film. 
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Fig. S5 The “sound test” in above figure means “we used the sound source of 0-2000 Hz with 
15% sound volume to stimulate the antennae for 10 times”. We observed the Pt film 
morphology at the middle part of the antennae by SEM characterization. Top-view SEM image 
of the PDMS-based antennae (a) before and (b) after the sound test.  The crack numbers and 
width did not change after the sound test. 
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Fig. S6 We used the sound source of 0-2000 Hz with 12% sound volume to stimulate the 
PDMS-based antennae (Pt/PDMS/Pt). (a) Change of output current from the antennae. (b-d) 
Enlarged view of current changes with time in three different time zones indicated in (a). The 
antennae could only distinguish the sound frequency from ~150 Hz to ~590 Hz. 
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Fig. S7 We used the sound source of 0-2000 Hz with 12% sound volume to stimulate the 
PI/PDMS-based antennae without joints (Pt/PI/PDMS/Pt). (a) Change of output current from 
the antennae. (b-d) Enlarged view of current changes with time in three different time zones 
indicated in (a). The antennae respond to the applied sound from ~370 Hz to ~440 Hz with 
~740 Hz to ~880 Hz.  
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Fig. S8 The “sound test” in above figure means “we used the sound source of 0-2000 Hz with 
15% sound volume to stimulate the antennae for 10 times”. We observed the Pt film 
morphology at the middle part of the antennae by SEM characterization. Top-view SEM image 
of the PI/PDMS-based antennae (a) before and (b) after the sound test. No change was observed 
for the film. 
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Fig. S9 We used the sound source of 0-2000 Hz with 12% sound volume to stimulate the 
antennae. (a) Antennae output from the mosquito-inspired artificial antennae. (b-d) Enlarged 
view of current changes with time in three different time zones indicated in (a). The antennae 
could distinguish the sound frequency from ~100 Hz to ~1600 Hz. 
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Fig. S10 The “sound test” in above figure means “we used the sound source of 0-2000 Hz with 
15% sound volume to stimulate the antennae for 10 times”. We observed the Pt film 
morphology on the soft PDMS joint part of the antennae by SEM characterization. Top-view 
SEM images of the cracked Pt at PI/PDMS interface and the joint part (a) before and (b) after 
the sound test. The crack numbers and width did not change after the sound test. We don’t show 
the morphology of Pt film on rigid PI segment part because it is similar to that of Fig. S4. 
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Fig. S11 (a-i) The vibration velocity versus sound frequency from joint-1 to joint-9 of artificial 
mosquito antennae. The labelling rule for joint’s number is that the number increases from 1 to 
9 along the antennae. 
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Fig. S12 Dimensions for single-joint antennae. From I to IX, the distance between joint and 
fixture point kept increasing with a step of 900 µm.  
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Fig. S13 The resonance frequency values for each single-joint antennae. 
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Fig. S14 Schematic illustration of the experimental set-up for testing different single-joint 
antennae. (a) Testing set-up for “IV”. “d1” means the distance between speaker and the joint. 
(b) Testing set-up for “V”. “d2” means the distance between speaker and the joint. (c) Testing 
set-up for “VI”. “d3” means the distance between speaker and the joint. d2 is shorter than d1 
and d3. 
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Fig. S15 Dimensions for multiple-joint antennae. 3-J, 6-J, 9-J, and 12-J have evenly-spaced 
joints. The joints of 9-J-M and 9-J-F are not evenly spaced. 9-J-M and 9-J-F mimic male and 
female mosquito antennae with gradually decreased1 and increased spacing,2 respectively. 
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Fig. S16 (a) Schematic image of male antennae of T. brevipalpis. It has rigid segments and soft 
joints distributed along the antennae. The segment length continuously decrease from bottom 
fixed end to the top free end.1 The fibrillae is very dense and long. (b) Schematic image of 
female antennae of An. quadriannulatus. It also has rigid segments and soft joints distributed 
along the antennae. The segment length continuously increase from bottom fixed end to the top 
free end.2 The fibrillae density is low and its length is short.  
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Fig. S17 (a) Simulated sound signals in the form of sine wave. The red color means the signal 
is in the positive half cycle. (b) The vibration state of 9-J antennae. (c) The vibration state of 9-
J-F antennae. (d) The vibration state of 9-J-M antennae. Note that the transparent antennae 
image shown in each figure is the initial state of being still.  
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Fig. S18 Sensitivity for artificial female antennae (9-J-F) in the frequency range from 0 to 2000 
Hz. The applied sound volume is 15%. The equation for calculating the sensitivity is9 

𝑆 =
∆𝑅/𝑅!
𝑃 =

(𝑅 − 𝑅!)/𝑅!
𝑃! × 10"!/$!

 

where R0 and R are resistances of the antennae before and during sound broadcasting. P0 is the 
reference sound pressure of 0.00002 Pa and LP is the sound pressure level in decibel. The 
resonance frequency (RF) is the frequency when the sensitivity has maximum values. For the 
artificial female antennae, RF is 248 Hz. 
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Fig. S19 STFT analysis of the artificial female antennae’s response under a chirp signal (0–
2000 Hz) for 2 s. The applied sound volume is 15%. As shown in the dashed rectangular frame, 
full range response is almost achieved. But the antennae could not recognize sound in the range 
of 0 - ~80 Hz because the SPL for this frequency range is too small (same as background noise’s 
SPL). The red lines in the dashed triangle frame represents the harmonic signals. 



  

21 
 

 
Fig. S20 We used 300 Hz sound for test. The sound pressure level (SPL) increased from 58.4 
dB to 86.4 dB (0 - 42.8s). Enlarged view of antennae output current versus time under a SPL 
of (a) 60 dB and (b) 65 dB.  
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Fig. S21 We used 300 Hz sound for test. The sound pressure level decreased from 86.4 dB to 
58.4 dB (42.8 - 83.9 s). Enlarged view of antennae output current versus time under a SPL of 
(a) 65 dB and (b) 60 dB.  
 
 
 
 
 
 
 
 
 
 
 



  

23 
 

 
Fig. S22 Durability test for the artificial female mosquito antennae. The applied sound’s 
frequency is 300 Hz. (a) Output current of the antennae under a sound pressure level of 86.4 
dB. The sound lasted for 800 s. (b) Enlarged view of (a). 
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Fig. S23 (a) The relationship between male mosquito’s antennae vibration amplitude and the 
distance between male and female mosquito.3 (b) The experimental set-up for mimicking the 
scene that a female mosquito fly passing our antennae. At first we put the speaker at the west 
direction to the antennae (directions of speaker and antennae were kept at 45°). The distance 
between the speaker and antennae is ~7 mm; then we put the speaker above the antennae with 
a distance of 5 mm; finally we put the speaker at the east direction to the antennae (directions 
of speaker and antennae were kept at 45°) with a distance ~7 mm. The applied sound is a chirp 
signal (0–2000 Hz) for 2 s with 15% sound volume. (c-e) The antennae response during the 
experiments in (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

25 
 

Table S1. Comparison of the state-of-the-art soft acoustic sensors. 
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