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Figure S1 Electrohydrodynamic flow around three cylindrical electrodes. (a) When a positive voltage is applied to the center electrode, positive electric charges are induced around the center electrodes, and thus a unidirectional electrohydrodynamic flow from left to right is generated. (b) When a negative voltage is applied to the center electrode, the electric field changes to the opposite direction, and negative electric charges are induced around the center electrode. Consequently, the direction of the generated electrohydrodynamic flow is the same as (a). (c) When an alternating voltage is applied to the center electrode, the applied voltage and the induced charge are in phase, and thus electric force is always positive and its frequency is twice the frequency of the applied AC voltage. 

The electrohydrodynamic force acting on a dielectric liquid is as follows:
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where ρf is free charge density, E is electric field, ϵ is permittivity of medium, and σ is electrical conductivity of medium33. According to our previous work, the electrical conductivity of the dielectric liquid is found to be linearly increased with the strength of electric field, i.e., 
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, where σ0 is field-free conductivity, α is field-dependency factor, and 
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 is strength of electric field44. Under the assumption that the electric field is small, namely, σ0 ≫αE and is harmonically oscillating with frequency of ω, 
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, the time component of the EHD force can be derived as:
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Figure S2 Effect of (a) channel length and (b) radius on the resonance frequency and the damping ratio of the DOL.
[image: image8.png]Radius of curvature [mm]

—
o
o

—_
o

¥ DI water
> Glycerin 10M
p Glycerin 40M
O CaCl, 2M

@ CaCl, 6M

10 100
Bond number





Figure S3 Relationship between the Bond number and the radius of curvature of the L–L interface.
[image: image9.png]I
0
@

I
°
h

[ww]y yibus feooy

45

30

[ww]y snipey

20

[ww] £ wbieH

Actuated

Released

Actuated

Released

Actuated

Released




Figure S4 Comparison of (a) apex height, (b) radius of curvature of the L-L interface, and (c) focal length of the DOL, when the electrohydrodynamic force is released (empty bars) and actuated (filled bars).
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Figure S5 (a) Intensity profile (open circle symbol) across the edge of the particle in Fig. 4. An edge spread function (ESF, red solid line) is obtained by fitting the intensity profile. The first derivative of the ESF is a line spread function (LSF, black dashed line), and its full width at half maximum (FWHM) represents a spatial resolution of the optical system. (b) Measured spatial resolution corresponding to the two particles, which are located at different depth. There is no statistically significant difference (p=0.357).
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Figure S6 Schematic of the integrated system of DOL and OR–PAM. COM, computer; PD, photo diode; BS, beam splitter; NF, neutral density filter; AMP, amplifier; GS, galvo scanner; DAQ, data acquisition board; FUNC, function generator; POWER, high-voltage power supply; OL, object lens; DOL, dielectro-optofluidic lens; UT, ultrasonic transducer; WT, water tank; S, sample.
We developed the integrated system of DOL and OR–PAM as shown in Figure S4. For 532 nm pulsed laser illumination, a Q-switched-diode-pumped-solid-state-laser (532 nm Laser, SPOT-10-200-532, Elforlight, UK, 532 nm, 5 kHz repetition rates) was delivered in free space. To control the laser output energy, a neutral density filter (NF, NE02B, Thorlabs, USA) was used. The splitter (BS, CM1-BP108, Thorlabs, USA) produced two laser beam path. The one (8% of laser) captured by a photodetector (PD, PDA36A2-EC ,Thorlabs, USA) was used as a trigger signal to synchronize scanning part and a data acquisition system, and the other (92% of laser) was delivery to sample path for generating PA signal. For fast optical scanning, two axes galvo-scanners (GS, GVS002, Thorlabs, USA) were implemented. The collimated beam was focused by a reconfigurable focusing module which was composed of the DOL and an objective lens (OL, AC254-060-A, Thorlabs, USA). A function generator (FUNC, 33220A, Agilent, USA) and a high-voltage power supply (POWER, 10/10B, Trek, USA) were used to operate the DOL. By varying the input voltage amplitude, the depth of field of the reconfigurable focusing module can be controlled. An unfocused ultrasonic transducer (UT, V312, Olympus, USA) with a center frequency of 10 MHz was utilized to measure the PA signal from the target, which means that the only optical focusing influences to the change of PA signal amplitude along the depth. To enhance the ultrasound coupling efficiency, a small water tank was used between the transducer and the target. A pulse & receiver (AMP, 5072PR, Olympus, USA) amplified PA signals and filtered noise signal. And then, PA signals were digitized and processed by a high-fast NI DAQ board (DAQ, PCI-5124, National Instrument, USA).
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Figure S7 Demonstration of PA imaging of a plant leaf using the OR–PAM integrated with the DOL. (a) Photograph of a plant leaf and (b) its corresponding MAP images when 0 (b1), 0.6 (b2), 1.2 (b3), 1.8 (b4), and 2.4 MVm-1 (b5) is applied to the DOL. (c) The PA signal enhancement in the four regions of interest (ROI) plotted in (b1) depending on the strength of the applied electric field.
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Figure S8 Demonstration of PA imaging of in vivo microvasculatures in a mouse ear using the OR–PAM integrated with the DOL. (a) Photograph of microvasculatures in the live mouse’s ear and (b) its corresponding MAP images when 0 (b1), 0.6 (b2), 1.2 (b3), 1.8 (b4), and 2.4 MVm-1 (b5) is applied to the DOL. (c) The PA signal enhancement in the four ROIs plotted in (b1) depending on the strength of the applied electric field.
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Figure S9 Demonstration of PA imaging of in vivo microvasculatures in a mouse brain using the OR–PAM integrated with the DOL. (a) Photograph of microvasculatures in the live mouse’s brain and (b) its corresponding MAP images when 0 (b1), 0.6 (b2), 1.2 (b3), 1.8 (b4), and 2.4 MVm-1 (b5) is applied to the DOL. (c) The PA signal enhancement in the three ROIs plotted in (b1) depending on the strength of the applied electric field.


One-way analysis of variance (ANOVA) is used to test the statistical significance of differences between data.
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Figure S10 Spatial resolutions of the PA images of the plant leaf, mouse ear, and mouse brain. One-way ANOVA test gives p=0.111, which mean there is no statistically significant difference. The spatial resolution is measured using the same procedure as in Fig. S5.

All animal handling produces were confirmed by the Institutional Animal Care and Use Committee of the Pohang University of Science and Technology (POSTECH) and followed the National Institutes of Health Guide for the Care and Use of Experimental Animals. A healthy white colored Balb/c mouse with weighted ∼20 g was anesthetized and its condition was maintained with intradermal injection of a mixture of xylazin (15 mg/kg) and ketamine (85 mg/kg) during PAM imaging. After removing downy hair of the mouse right ear, it was positioned on a custom animal holder with a heating pad for maintaining animal temperature. The used pulsed laser energy for generating PA signal was measured as 12 mJ/cm2 , which satisfied the ANSI limitation (∼20 mJ/cm2).
Movie S1 Periodically oscillating L–L interface captured by a high speed camera. The applied electric field was 2.88 MVm-1 at 0.75 Hz.
Movie S2 Actuation of L–L interface using the DOL oscillation mode of 1 Hz.

Movie S3 Focus adjustment using the DOL oscillation mode of 1 Hz.
Movie S4 Actuation of L–L interface using the DOL static mode of 10 Hz.

Movie S5 Focus adjustment using the DOL static mode of 10 Hz.

Movie S6 Focus switching between two particles using the DOL oscillation mode of 0.625 Hz.
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