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Peak detection method 
At first, the absolute impedance |Z| was calculated, where after the baseline was removed using a 

6th order polynomial fit. The resulting absolute impedance change Δ|Z| over time is shown for two 

passing beads in Figure S1. We identified two typical impedance responses: a single peak and a M-

shaped peak. The M-shaped peak is the result of beads passing very close to the two electrodes [1], 

causing two peaks (I and III) and a local minimum (II).  A fair comparison between the change in 

impedance between a single and M-shaped peak was accomplished by detecting the maximum of 

the single peak and the local minimum of the M-shaped peak, which coincides with approximately 

the same location (II) between the two electrodes (see inset Fig. S1). As a result, the opacity of beads 

with the M-shaped response was defined as the ratio of the two minima at 20 MHz and 0.5 MHz. 

Matlab’s peak find algorithm was used to define the type of impedance response (number of maxima 

within a certain time window). 

 

Figure S1: Typical impedance response at 0.5 and 20 MHz for two 6 µm beads passing at different heights. Two distinct 
responses can be identified: first a single peak and second a M-shaped peak. The first bead (opacity = 0.20) passes relatively 
high in the channel (far from the electrodes), whereas the second bead (opacity = 0.27)  passes at the bottom of the channel 
(close to the electrodes). The registered absolute impedance change Δ|Z| (‘Peak’) for each bead and at each frequency is 
indicated with a red circle. 



Frequency dependence of compensation strategy 

 

Figure S2: Compensation strategy performed at different lower and upper frequencies of the opacity. The bottom figures 
show a degrading quality of separation when the lower frequency increases, stressing the importance of the double layer 
capacitance at low frequency. 

Additional figures yeast experiment 
 

 
Figure S3: Sample under study, 5 µm PS beads and yeast cells diluted in PBS. 

The opacity compensation was performed using the 120 and 750 kHz signal to correct the measured 

electrical diameter: 



 
Figure S4: The fitting parameters for correction of the electrical diameter at 120 kHz (left) and 20 MHz (right) were 
determined using a run with only 5 µm PS beads (in blue). 

 
Figure S5: Corrected diameter D at 20MHz and 120 kHz. 

 

Literature overview 
Table S1: Comparison of the presented method to other work. The coefficient of variation (CV) of each bead size is defined as 
the standard deviation of the bead diameter over the nominal bead diameter. The experimental CV is the determined using 
the standard deviation of a Gaussian fit, whereas the manufacturer CV is specified by the manufacturer. 

 Spencer et al. 
2016 [2] 

Ninno et al. 
2017 [3] 

Errico et al. 
2017 [4] 

Caselli et al. 
2018 [5] 
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Bead 
size 
(µm) 

5  1.27 1.8 2.4 2.6 4.1 2.6 3.67 2.6 5.8 3.1 

6  0.99 7.5* 0.9 10* 1.8 10* 1.89 10* 4.0 2.8 

7 1.24 1.7 1.0 1.7 1.9 1.7 1.72 1.7 2.9 1.5 

Number 
of 
electrodes 

10 (planar) 5 (coplanar) 3 (coplanar) 
4 (coplanar/ 

liquid 
electrodes) 

2 (coplanar) 

* These manufacturers’ values are most likely a conservative estimate. 
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