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ABSTRACT: We introduce a unique system to achieve on-demand droplet merging and splitting using a perpendicular AC electric 

field. The working mechanism involves a micropillar to split droplets, followed by electrocoalescence using an AC electric field. 

Adjusting the parameters of the AC signal and conductivity of the fluid result in different merging regimes. We observed a minimum 

threshold voltage and a strong influence of the surfactant. We hypothesize that the merging process is caused by dipole-dipole coa-

lescence between the daughter droplets. At the same time, adjustment of the conductivity reveals a shift in the merging regimes and 

can be explained with an electric circuit diagram. Size-based sorting using this merging phenomenon is subsequently demonstrated, 

where alternate, single, double and triple droplets sorting were achieved. The concept presented in this paper is potentially useful for 

drug dispensing or multi-volume digital polymerase chain reaction, as droplets of multiple sizes can be generated simultaneously.

Droplet coalescence is a process where two or more droplets come together to form a single larger droplet.2 Being one of the 

manipulation tasks in droplet-based microfluidics, it is useful for mixing controlled amounts of different fluids in a contaminant-free 

environment. Controlled coalescence and dispensing of droplets have a broad range of applications such as protein engineering3, drug 

screening4 and oil refining.5 Droplet coalescence has been widely studied6-8 and is achievable using either passive or active methods. 

Passive methods utilize fixed structures such as pillar microarrays9 or expansion channels10 to manipulate the flow characteristics of 

the droplets7. Active methods involve external energy sources to disrupt the film bridge or mechanically speed up the draining process 

of the film between the droplets.11 Active methods provide additional benefits such as selectivity and on-demand capabilities, corre-

spondingly saving experimental resources. Some examples of these are pneumatic,12 acoustic13 and electric field.14,15 Droplet handling 

using electric fields is one of the most commonly used methods as its influence and positioning within a device is highly adjustable.  

It also does not cause any biocompatibility issues when used within an appropriate range or affect the droplet medium itself. 

Utilizing electric fields in droplet merging, also known as electrocoalescence, have been comprehensively studied. 16,17 If the droplets are 

charged in a uniform field, droplets move towards each other due to electrophoresis induced by the electric field and the double layer around 

the droplet.17-20 In the presence of an electric field, coalescence subsequently occurs through destabilization of the droplet-droplet interface.11 

In the presence of a uniform electric field, neutral droplets undergo deformation.21 The droplet is accordingly stretched in the same direction 

as the electric field due to the induced electric Maxwell stresses on the surface,22 with Taylor cones formed under high electric field strength.23 

If the droplets flow in parallel to the uniform field, an attractive force results from the dipole-dipole interaction.24 This force brings the 

droplets closer, increasing in strength as the distance between the droplets decreases.15 Subsequently, film thinning occurs where the rate of 

thinning can be tuned by the applied electric field.25 In a non-uniform electric field, coalescence may take place through dielectrophoresis.26 

Surfactants are also commonly used during experiments to prevent unexpected merging of droplets. The activation of the electric field would 

cause these surfactant molecules to redistribute and realign under electric field.27,28 
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The influence of the electric field on the droplets is highly complex, thus electrocoalescence studies were usually carried out under multiple 

constrains. Most studies are based on an electric field parallel to the flow direction of droplets,15,29-31 whereas others require the assumption 

that the droplets are spherical outside the electric field. Another limitation is that droplets also need to be approximately close to each other, 

leading to a need for synchronization of droplets in the merging chamber.15 Accordingly, these limitations require an ideal setup for electro-

coalescence, however this is unrealistic as not all droplets flow along the same direction as the electric field, nor are they always spherical. 

Because of these limitations, a knowledge gap still remains for understanding droplet merging in microfluidics. The present paper introduces 

a coalescence concept with an AC electric field that is perpendicular to the flow direction of the two daughter droplets. We made use of a 30 

µm micropillar placed in the middle of a microchannel to prepare the daughter droplets, Figure 1. In previous works, micropillars were used 

to slow down the droplets.12,30 However, the pillar in our device acts as an obstacle to split the droplet, such that the two daughter droplets 

are positioned alongside of each other32,33. This arrangement accordingly allows for positioning of the daughter droplets parallel to the electric 

field, without affecting their flow direction. It also effectively eliminates the need for synchronization required in all other works reported to 

date in the literature. Activating an AC electric field perpendicular to the flow joins the two daughter droplets. Varying the applied voltage 

𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴, the frequency 𝑓𝑓 and the conductivity of the dispersed phase 𝑘𝑘 leads to three merging regimes: breakup, merging after pillar and merging 

at pillar. With insights into the well-controlled merging regimes, we subsequently demonstrated size-based sorting using an expansion chan-

nel. Size-based sorting eliminates the need for subsequent manual sorting of droplets during analysis.34 It also enables more efficient analysis 

for concentration varying experiments.35 We envisage that this system would have potential applications in droplet dispensing and controlled 

generation of multi-volume droplets. 

MATERIALS AND METHODS 

A microfluidic device made of polydimethylsiloxane (PDMS) with a flow focusing configuration was developed as given in Figure 1a. 

The device was fabricated using standard photo and soft lithography methods.36 The unique device consists of a 30 µm round PDMS pillar 

positioned in the middle of a 140 µm wide main fluidic channel to break up passing droplets, Figure 1b. This pillar is also placed between 

 

Figure 1. On-demand droplet merging and splitting: (a) Schematic diagram of experimental setup illustrating droplet merging upon activa-
tion of AC electric field generated across the microchannel by electrodes (inset). (b) Dimensions used for the electric circuit model. (c) 
Captured images of the oil film between the daughter droplets. Scale bars depict 50 µm. 
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two electrodes that generate the electric field for droplet merging. These electrodes are fabricated using the same mold as the fluidic channel 

to eliminate the need for precise alignment of microchannels and electrodes.37,38 Both the electrodes and microchannels have the same height 

of 29 µm. 

A schematic diagram of the experimental setup is given in Figure 1a. A syringe pump (neMESYS, Centoni GmbH) delivered the fluids 

into the device with the flow rates controlled from the computer. Across the main microchannel, one electrode (red) was connected to a 

function generator (33210A, Keysight Technologies) through a voltage amplifier (Model 623B, Trek Inc). The other electrode (black) was 

connected to ground. An oscilloscope (TBS1102B, Tektronix) displayed and recorded the values for the applied AC voltage 𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 and its 

frequency 𝑓𝑓. The device was placed on an inverted microscope (Eclipse Ti, Nikon Instruments), and videos were recorded using a high-

speed camera (Phantom Miro3, Vision Research) connected to the same computer. 

The continuous phase used was mineral oil (M5904 with 1 wt % SPAN80, Sigma Aldrich). The dispersed phase used was a series of salt 

solutions of a different conductivities 𝑘𝑘. This was obtained by adding sodium chloride (NaCl, Chem-Supply Pty Ltd) to deionised (DI) water. 

The interfacial tension between the fluids was measured as 5.5 mN/m (Sinterface, PAT1). The dynamic viscosity of the oil and salt solutions 

were 23.8 mPa.s and 1 mPa.s, resepectively.39 Throughout the experiments, the standard flow rates were 𝑄𝑄𝑂𝑂 = 500 µl/h for the continuous 

phase and 𝑄𝑄𝑤𝑤 = 160 µl/h for the dispersed phase unless otherwise mentioned. At these flow rates, the average droplet area was measured as 

23,000 µm2. 

RESULTS AND DISCUSSION 

Experiments were carried out to investigate the effect of the AC frequency 𝑓𝑓 and the magnitude 𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 of the applied voltage. Preliminary 

experiments were done to observe if merging would occur in small and large droplets. The results are provided in Supporting Information 

S1, showing that droplets were successfully merged at all sizes. Subsequently, we focus on the generation of larger droplets and tuned the 

frequency 𝑓𝑓 from 1 kHz to 90 kHz and the applied voltage 𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 from 10 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅 to 180 𝑉𝑉𝑅𝑅𝑅𝑅𝑅𝑅, Figure 2a. The videos were captured at 1,200 

frames/sec. Figure 2b shows the representative images of the merging regimes observed in our experiments. Before activating the electric 

field, the droplets remain separated as shown in the “No AC Field” inset of Figure 2b. At low frequency and voltage, no merging was 

observed, as represented by the triangles in Figure 2a and the “Breakup” inset. As the voltage gradually increased, the first instance of 

merging was observed, Figure 2a. This transition line between “Breakup” and “Merge after Pillar” is where inconsistent merging (“Incon-

sistent Merging” inset) was observed and labelled by the circle markers. The inset in Figure 2b shows two different instances of without 

merging (left inset) and with merging (right inset). Increasing the voltage past this point led to consistent merging (“Merge after Pillar” inset) 

as depicted by the square markers. The merging phenomenon happens after the droplet exits the pillar. As the applied voltage further in-

creased, another inconsistent regime was observed, where occasionally merging happened right at the pillar (“Inconsistent Merging at Pillar” 

inset). This regime is depicted with inverted triangle markers, where the droplet merged even before fully exiting the pillar (right inset). With 

increasing frequency, we observed that all droplets merged at the pillar (“Merge at Pillar” inset), labelled as diamond markers. Supporting 

Information S2 provides representative videos of the different regimes. 

According to recorded videos, each droplet was observed to traverse pass the electrode region for a duration of 25 milliseconds for the 

given fixed flow rates. The droplet enters the electrode region for approximately 10 milliseconds before encountering the micropillar. The 

droplet subsequently takes approximately 5 milliseconds to completely pass through the pillar and another 10 milliseconds to fully exit the 

electrode region. The charge relaxation times for the series of conductivities used are in the range of 𝜏𝜏 = 10−10~10−6 seconds according to 

the equation 𝜏𝜏 = 𝜀𝜀0𝜀𝜀𝑟𝑟 𝑘𝑘⁄ . Charge relaxation time is defined as the time taken for the distribution of charge within a medium to reach an 

equilibrium.40 The AC signal is introduced using a sine wave with frequencies from 1 kHz to 100 kHz, corresponding to a period of 

10−5~10−3 seconds, much larger than the charge relaxation time. Thus, the fluids used in our experiments are able to distribute the charges 

faster than the excitation frequency of the field. Concurrently, the charges are able to redistribute during the splitting of the droplet such that 

the daughter droplets remain neutral. This timescale analysis effectively rules out electrophoresis as the contributing factor for this merging 

phenomenon as the droplets are not charged. The field-induced dynamic instability described by Priest et. al.41 is also not applicable for our 

experiment as their droplets are observed to be charged according to the above timescale analysis. 

Another mechanism that could explain the merging phenomenon is dielectrophoresis11. However this phenomenon involves a non-uniform 

electric field, where the droplet would shift towards the region of maximum field gradient. 17 This is more commonly used as an actuation 
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mechanism for on-demand droplet sorting .42,43 In our experiment, we used a uniform electric field instead with the use of the 750 µm long 

electrodes parallel to the main fluidic microchannel. Influences of the PDMS micropillar on the electric field are also negligible as observed 

in the experiment videos. Therefore, it is logical to eliminate this option, leaving the last mechanism of dipole-dipole coalescence.  

We previously stated that the droplets remain uncharged even after splitting. Also, after splitting and exiting the pillar, the droplets were 

still within the uniform electric field for at least 10 milliseconds. This is observed by recording the frame where the droplets exit the parallel 

electrode region. During this period, the surface charge of both droplets is constantly modulated by the AC signal, because the charge 

relaxation time of the droplets is faster than the AC voltage. Accordingly, this results in two different mechanisms for coalescence. Firstly, 

the induced Maxwell stresses upon each droplet surface results in a deformation of the droplet shape. This deformation subsequently squeezes 

the thin film of oil which speeds up the coalescence. Nevertheless, Figure 1c reveals that the width of the oil film is relatively small, reducing 

the potential effect of the squeezing phenomenon. A second phenomenon for coalescence that has a greater influence is the polarization of 

the surface charge of each daughter droplet. With the increasing electric field strength 𝐸𝐸 = 𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 𝑑𝑑⁄  where 𝑑𝑑 is the channel width, we observed 

that the merging phenomenon also increases in intensity with “Merging After Pillar” transiting to “Merging At Pillar”. 

The regime map in Figure 2a reveals a minimum threshold voltage required for merging. The threshold is indicated as the line between 

“Breakup” and “Merge After Pillar”. This voltage level was observed to slightly increase with increasing frequency 𝑓𝑓. First, we attribute this 

to the surfactant in the continuous phase. Initial experiments carried out without SPAN80 showed droplet merging even without the AC 

field. The same observation was reported by Niu et. al.30 for higher electric field strength and higher concentrations of SPAN80 in hexade-

cane. The concentration of SPAN80 used in our experiments was kept near the critical micelle concentration (CMC) level44 for stable droplet 

formation during splitting of the droplets. The surfactant molecules therefore attach to the droplet surface, while concurrently forming reverse 

 

Figure 2. Merging regimes: (a) Operation map for a solution of 0.76 µS/cm showing different stages of droplet merging with lines depicting 
the boundaries. (b) Representative images of the different merging regimes. Merged droplet insets show the first frame upon merging. Scale 
bars represent 100 µm. 
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micelles.45 Under the electric field, these molecules realign and redistribute themselves resulting in merging. This phenomenon has been 

previously reported27,28 and is therefore outside the scope of this paper. 

 

Figure 3. Regime maps for different conductivities (a) 10 µS/cm (b) 101 µS/cm (c) 997 µS/cm and (d) 10,200 µS/cm showing consistent 
transition voltage for start of merging. Regimes for consistent and inconsistent merging at pillar however are observed to shift away from 
observed frequency and voltage range at higher conductivities. 
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We repeat the same experiment with a series of salt solutions as the dispersed phase, where 𝑘𝑘 = 10 µS/cm, 101 µS/cm, 997 µS/cm and 

10,200 µS/cm. Figure 3 shows the regimes obtained for each conductivity. The threshold voltage remained the same throughout the different 

conductivities. This further confirms our earlier hypothesis that the field mainly affected the surfactant in the continuous phase. Furthermore, 

as the conductivity increased, the inverted triangle and diamond markers shift to the top right corner of the voltage-frequency space. Merging 

at pillar regime subsequently occurred at a conductivity of 10,200 µS/cm, indicating that the intensity of the electric field was greatly reduced. 

This intensity is correlated with the voltage across the daughter droplets, which can be theoretically estimated with an electric circuit diagram 

shown in Figure 4. Further details of each electrical component are given in the corresponding schematic diagram. The ratio between the 

voltage across each daughter droplet and the excitation voltage is given as 
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where 𝑉𝑉𝐹𝐹 is the voltage across the daughter droplets, 𝐴𝐴 = 𝑗𝑗𝑗𝑗𝑍𝑍𝐹𝐹, with 𝑗𝑗2 = −1, 𝑗𝑗 = 2𝜋𝜋𝑓𝑓 and  𝑍𝑍𝐹𝐹 is the impedance of the droplet given by 

𝑍𝑍𝐹𝐹 = 𝑂𝑂𝐹𝐹
𝑘𝑘𝑊𝑊𝐹𝐹𝐻𝐻

. Here, 𝐿𝐿𝐹𝐹 refers to the droplet length, 𝑊𝑊𝐹𝐹 is the average width of the daughter droplet and 𝐻𝐻 the height of the channel. 𝐶𝐶𝐴𝐴𝑃𝑃𝑅𝑅𝑅𝑅 is 

the capacitance of the PDMS wall, where 𝐶𝐶𝐴𝐴𝑃𝑃𝑅𝑅𝑅𝑅 = 𝜀𝜀𝑜𝑜𝜀𝜀𝑟𝑟𝐴𝐴𝑃𝑃𝑅𝑅𝑅𝑅( 𝑂𝑂𝐻𝐻
𝑊𝑊𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

), 𝜀𝜀𝑜𝑜 refers to the vacuum permittivity of 8.85x10-12 F/m, 𝜀𝜀𝑟𝑟𝐴𝐴𝑃𝑃𝑅𝑅𝑅𝑅 the 

relative permittivity of 2.5 for PDMS, 𝐿𝐿 the length of the electrode, 𝑊𝑊𝐴𝐴𝑃𝑃𝑅𝑅𝑅𝑅 the width of the PDMS wall of 23 µm. 𝐶𝐶𝑂𝑂𝑂𝑂𝑂𝑂 is the capacitance of 

the continuous phase near the wall with 𝐶𝐶𝑂𝑂𝑂𝑂𝑂𝑂 = 𝜀𝜀𝑜𝑜𝜀𝜀𝑟𝑟𝑂𝑂𝑂𝑂𝑂𝑂( 𝑂𝑂𝐹𝐹𝐻𝐻
𝑊𝑊𝑂𝑂𝑂𝑂𝑂𝑂

), 𝜀𝜀𝑟𝑟𝑂𝑂𝑂𝑂𝑂𝑂 the relative permittivity of 2.5 for the continuous phase46 and 𝑊𝑊𝑂𝑂𝑂𝑂𝑂𝑂 the 

width of the oil film experimentally measured to be approximately 4 µm. The different dimensions are given in Figure 1b. Lastly, 𝐶𝐶𝐹𝐹𝑂𝑂𝑂𝑂𝑅𝑅 is 

the capacitance of the thin film of oil that separates the two daughter droplets, where 𝐶𝐶𝐹𝐹𝑂𝑂𝑂𝑂𝑅𝑅 = 𝜀𝜀𝑜𝑜𝜀𝜀𝑟𝑟𝑂𝑂𝑂𝑂𝑂𝑂( 𝑂𝑂𝐹𝐹𝐻𝐻
𝑊𝑊𝐹𝐹𝑂𝑂𝑂𝑂𝑃𝑃

), and 𝑊𝑊𝐹𝐹𝑂𝑂𝑂𝑂𝑅𝑅 is experimentally 

measured to be approximately 1 µm. For the calculation of the electric circuit, we provide a broad approximation where each daughter droplet 

is a rectangular cuboid of volume 𝐿𝐿𝐹𝐹 × 𝑊𝑊𝐹𝐹 × 𝐻𝐻. Using this equation, we plot 𝑉𝑉𝐹𝐹
𝑉𝑉𝐴𝐴𝑃𝑃𝑃𝑃

 against 𝑓𝑓 as given in Figure 4a. 

 

(1) 

 

Figure 4. Electric circuit of the setup: (a) Theoretical evaluation of VF VAPP⁄  against f across a series of dispersed phase conductivities based 
on Equation 1. (b) Electric circuit diagram derived from different electrical components as taken from cross section schematic inset. 
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Figure 4a shows that the voltage across the droplet 𝑉𝑉𝐹𝐹 was higher at a lower conductivity. This trend agrees with experimental data of 

Figure 3, where the “Merge at Pillar” regime was observed only at a lower conductivity. Similarly, the voltage across the droplet also results 

in shifting of the “Inconsistent Merging at Pillar” regime, which gradually disappears at 10,200 µS/cm. Although the higher conductivities 

result in a lower 𝑉𝑉𝐹𝐹, merging after the pillar was still observed as the overall electric field applied on the system still satisfies the minimum 

threshold voltage. 

Finally, we demonstrated the proof-of-concept for on-demand size-based sorting of droplets using an expansion channel. Size-based sort-

ing was previously demonstrated to separate droplets according to their contents35 or removal of by-products for the generation of monodis-

persed droplets.47 This approach reduces the need for further identification of droplets, eliminating human error and increasing accuracy. We 

modified the device design to include a second oil inlet to adjust spacing between droplets and the expansion channel after the electrodes, 

Figure 5a. The addition of the second oil inlet increased the distance between droplets, allowing well controlled droplet merging throughout 

the experiment. The additional inlet causes asymmetric breakup of the droplets. The expansion channel separates droplets according to their 

sizes due to the shear-gradient lift force and wall-effect lift force.35 Smaller droplets travel along the side of the walls along an equilibrium 

line arising due to lower wall-effect lift forces and exit through the waste outlets.1 Larger droplets remain in the middle stream along the 

middle equilibrium line due to the higher wall-effect lift force and subsequently collected through the middle outlet. If the AC electric field 

 

Figure 5. On-demand size based droplet sorting and generation: (a) Modified device with schematic of the expansion channel. An inset 
showing the forces influencing the path of the droplet flow is given.1 (b-e) On demand size-based droplet sorting where different electrical 
signals are applied to produce alternate, single, double and triple droplets. Red arrows show the flow path of separated droplets when AC 
electric field is OFF. Blue arrows show the path of merged droplets when AC electric field is ON. Scale bars depicts 200 µm. 
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is turned off, small asymmetric droplets flow into the OFF outlets. With the AC field switched on, merged large droplets are accordingly 

collected from the middle ON outlet.  

In this experiment, mineral oil with 1wt% SPAN80 was introduced into both oil inlets at 500 µL/hr and 2000 µL/hr. DI water with a 

conductivity of 0.67 µS/cm was used for the dispersed phase at a flow rate of 160 µL/hr to form droplets with sizes similar to the earlier 

experiments. Droplet frequency at the pillar was recorded to be approximately 28 droplets/second. The base AC signal used throughout the 

experiments is a sine wave at 10 kHz and 156 VRMS (root-mean-square voltage). Applying a 14 Hz amplitude modulation on the AC signal 

resulted in alternate droplet merging. The merged droplets were successfully separated from the unmerged droplets, Figure 5b. We repeated 

the experiment with periodic bursts of the same sine waves in durations of 36, 72 and 107 milliseconds to achieve single, double and triple 

droplet generation, Figure 5c-e. The different configurations allow for accurate droplet dispensing, where users can control the volume of 

the dispersed phase according to the number of merged droplets. The merged droplets accordingly move out from the middle outlet. Users 

can subsequently introduce the next stage such as detection, reaction or drug dispensing48,49. Representative videos of the droplet sorting are 

given in Supporting Information S3. 

As observed earlier, our system can effectively generate droplets of different volumes on demand. This multi-volume generation capability 

can be used for multi-volume digital polymerase chain reaction (MV-dPCR).50,51 MV-dPCR is a technique used for amplifying specific DNA 

sequences, where different volumes of samples are processed and analyzed simultaneously. The advantages of MV-dPCR are higher detec-

tion reproducibility and a wider dynamic range across different concentrations of samples equivalent to serial dilution measurements.52 By 

introducing the PCR mix and DNA template as the dispersed phase, individual PCR microreactors are formed. Splitting and coalescence of 

these microreactor droplets at the pillar can also be performed. This subsequently can be sorted passively with the use of the expansion 

channel. Without multiple parallel droplet generators, our device was able to dispense droplets of multiple volumes as demonstrated in Figure 

5. Increasing the number of outlets in our device allows for sorting of 4 to 5 different droplet sizes, which can ultimately be used for such 

MV-dPCR analysis. Simultaneously, another potential application for this is in the dispensing of chemical reagents into droplets through the 

use of reagent loaded porous PDMS pillars.53 Through the activation of the electric field, droplets merging at the pillar enables the stored 

reagents within the pillar to come into contact with the droplet. Diffusion of the chemicals into the droplets would then occur allowing 

controlled release of chemicals. 

CONCLUSIONS 

We successfully demonstrated on-demand droplet splitting and merging using a perpendicular AC electric field. The concept employs a 

round micropillar placed in the middle of a microchannel, splitting the passing droplets. Electrodes placed across the pillar generates an AC 

electric field that induces polarization of the split daughter droplets. This process accordingly results in subsequent merging of the split 

daughter droplets due to dipole-dipole coalescence. The coalescence process depends on the magnitude and frequency of the AC electric 

field. Adjustment of the applied frequency 𝑓𝑓 and magnitude of the AC voltage 𝑉𝑉𝐴𝐴𝐴𝐴𝐴𝐴 results in three different regimes with two transitional 

regimes. The threshold voltage across different frequency values indicate the significant role of surfactant in the continuous phase. Subse-

quent adjustment of the conductivity 𝑘𝑘 of the dispersed phase shows a shift in the “Merging At Pillar” regime. We hypothesize that the 

voltage across the split droplets affects the transition of the merging regime due to increasing polarization. The circuit model of the electric 

system reveals that the voltage across the daughter droplets 𝑉𝑉𝐹𝐹 is higher at lower conductivities, agreeing well with experimental data.  

We subsequently proceeded with size-based droplet sorting. An expansion microchannel separated unmerged droplets away from merged 

droplets that are collected from the middle outlet. We demonstrated the capabilities of alternate droplet merging and sorting as well as 

dispensing of single-droplet, double-droplet and triple-droplet volumes using pulsed AC voltage. We envision that the device concept re-

ported here is of great value for applications such as controlled chemical release, drug dispensing or multi-volume digital polymerase chain 

reaction (MV-dPCR). 
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