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S1. Noise spectrum of CSOD system 
 
 
The noise of the CSOD system was analyzed by using a large-diameter fiber. The fiber was 
dipped into a PBS solution similar to the experimental conditions. No electric field was add-
ed. Images of fiber tip were collected at 2000 frames per second using a fast CMOS camera 
(Mikrotron EoSens 3CXP).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S1. CSOD system noise analysis. Frequency analysis of a fiber tip imaged at 2000 
frames per second without an electric field. Fiber diameter: 125 µm; length: 10 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure S2. Frequency dependency of the oscillation amplitude of a large diameter fiber. 
The red dots are experimental data, and the solid line is calculated from Equation 1. Fiber di-
ameter: 105.6 μm; length: 9.8 µm. Buffer: 40 times diluted 1X PBS buffer. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S3. Comparison of CSOD signal long-term stability for small and large diame-
ter fibers. (a) Small fiber with diameter 13.8 μm and length 9.0 mm oscillates at 35 Hz and 
recorded at 100 fps, 2 second per FFT amplitude data point. Average signal: 24.96 nm; noise 
(standard deviation) = 0.51nm. (b) Large fiber with diameter 112.0 μm and length 10.0 mm 
oscillates at 481 Hz, recorded at 2000 fps, 1 second per FFT amplitude data point. Average 
signal: 44.33 nm; noise (standard deviation) = 0.25 nm. The scale bar is 10 μm. 


