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ABSTRACT  

By offering images with high spatial resolution and unique optical absorption contrast, optical-resolution photoacoustic 
microscopy (OR-PAM) has gained increasing attention in biomedical research. Recent developments in OR-PAM have 
improved its imaging speed, but have sacrificed either the detection sensitivity or field of view or both. We have 
developed a wide-field fast-scanning OR-PAM by using a water-immersible MEMS scanning mirror (MEMS-OR-
PAM). Made of silicon with a gold coating, the MEMS mirror plate can reflect both optical and acoustic beams. Because 
it uses an electromagnetic driving force, the whole MEMS scanning system can be submerged in water. In MEMS-OR-
PAM, the optical and acoustic beams are confocally configured and simultaneously steered, which ensures uniform 
detection sensitivity. A B-scan imaging speed as high as 400 Hz can be achieved over a 3 mm scanning range. A 
diffraction-limited lateral resolution of 2.4 μm in water and a maximum imaging depth of 1.1 mm in soft tissue have 
been experimentally determined. Using the system, we imaged the flow dynamics of both red blood cells and carbon 
particles in a mouse ear in vivo. By using Evans blue dye as the contrast agent, we also imaged the flow dynamics of 
lymphatic vessels in a mouse tail in vivo. The results show that MEMS-OR-PAM could be a powerful tool for studying 
highly dynamic and time-sensitive biological phenomena.   

Keywords: Optical-resolution photoacoustic microscopy, MEMS scanning mirror, blood flow dynamic imaging, 
lymphatic flow dynamic imaging, functional brain imaging 

1. INTRODUCTION  

As a major implementation of photoacoustic tomography, optical-resolution photoacoustic microscopy (OR-PAM) has 
been proven capable of anatomical, chemical, functional and metabolic imaging [1-4]. Several scanning mechanisms 
have been reported to accelerate the imaging speed of OR-PAM. These methods, however, lacked either wide scanning 
range or good detection sensitivity [5-7]. Here, we present a wide-field fast-scanning OR-PAM using a lab-made water-
immersible MEMS (i.e., microelectromechanical system) scanning mirror (MEMS-OR-PAM) [8].  

2. MEMS-OR-PAM SYSTEM 

As shown in Figure 1, a pulsed laser beam at 532 nm from an Nd:YVO4 laser is focused by a condenser lens, then 
spatially filtered by a pinhole. The filtered laser beam is focused by an optical objective lens. A beam combiner provides 
acoustic-optical coaxial alignment. The focused laser beam and the generated photoacoustic waves are both directed by a 
MEMS scanning mirror plate. The photoacoustic waves are then focused by an acoustic lens and detected by an 
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Figure 5. MEMS-OR-PAM of lymphatic flow dynamics in a mouse tail before and after the injection of Evans blue dye. The blood 
vessels are shown in red, while the lymphatic vessels are shown in blue. 

6. CONCLUSIONS 

In summary, we have developed a MEMS-OR-PAM system that can dramatically improve the imaging speed while 
maintaining the confocal alignment of the optical and acoustic beams over a wide field of view. A laser system with 
higher repetition rate or an intensity-modulated continuous wave laser can further improve the imaging speed while 
maintaining the high resolution and wide scanning range. By employing a dual-wavelength laser source, MEMS-OR-
PAM is intrinsically capable of label-free measurements of oxygen saturation and oxygen metabolism.  
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