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Fig. 1 Performance characterization of transparent ultrasonic transducer. (a) Physical image of 7 MHz LiBbO, transparent

ultrasonic transducer; (b) light transmittance curves; (c) electrical impedance and phase angle; (d) pulse echo

curve and spectrum
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Fig. 2 Photoacoustic microscope system based on transparent ultrasonic transducer. (a) Structural diagram;

(b) top view of image head
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Fig. 3 Test of system resolution. (a) Photoacoustic image of blade sharp edge; (b) lateral resolution of system
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Fig. 4 Images of simulated sample. (a) Optical diagram of carbon fiber filament; (b) photoacoustic image of carbon fiber

filament; (c) photoacoustic image of leaf vein skeleton; (d) photoacoustic image of local lateral veins of leaf vein
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(b) photoacoustic image
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Abstract

Objective

Photoacoustic microscope is widely used in the field of biomedicine and has obtained rich research results

in various fields. With the development of technologies, the miniaturization of a photoacoustic microscope system has

obtained new development opportunities. However, the traditional optically resolved photoacoustic microscope needs

complex modules to achieve photoacoustic coaxial focus because the ultrasonic transducer blocks the transmission of

light, which is not conducive to the miniaturization of the system. The traditional photoacoustic microscope has

achieved photoacoustic signal acquisition through different ways, but it also limits the imaging speed and imaging

range of the system and may increase the complexity of the system. The photoacoustic microscope based on a

transparent transducer has been developed, in which the window size is less than 10 mm X 10 mm and the raster
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scanning mode of traditional machinery is adopted, but the imaging range and scanning speed of the system are
limited. In this study, we report a photoacoustic microscope based on a transparent transducer. A larger size
transparent transducer is fabricated and combined with fast laser vibroscope scanning to achieve 16 mm X 16 mm
range in a single imaging, which is suitable for imaging a wide range of tissues and organs, such as mouse brain and
subcutaneous tumors.

Methods In this study, firstly, a transparent ultrasonic transducer based on LiNbQO; is prepared with an external
size of 33 mm X 33 mm, a height of 10 mm, and a central translucent window size of 20 mm X 20 mm. Then, a
photoacoustic microscope based on this transparent ultrasonic transducer is constructed. Third, the lateral resolution
of the system is verified by imaging the edge of the blade, and the imaging speed and field of view of the system are
verified by imaging the carbon fiber filament and the leaf vein skeleton. Finally, the performance of the system for
imaging microvascular network in biological tissue is verified by the mouse ear imaging.

Results and Discussions  The test shows that the transparent transducer made in this paper has a good
performance (Fig. 1). We perform photoacoustic imaging experiments on the sharp edge of the blade with this
microscope, and the actual transverse resolution of the system is about 18 pm. We also verify the imaging of the
optical resolution plate, demonstrating its ability to image the microvascular network of biological tissue (Fig. 3). In
the imaging experiment of carbon fiber, the cross and bend shape structure of a carbon fiber can be clearly observed,
and the signal is calculated with a signal-to-noise ratio (SNR) of up to 38 dB. A vein imaging experiment is carried
out, verifying that the system can achieve 16 mm X 16 mm range in a single imaging (Fig. 4). Finally, the imaging
experiment is carried out on the rat ear, in which the structure of the microvascular network under the rat ear skin
is clearly visible and the vascular morphology is consistent with that in the photos, which proves that the
photoacoustic microscope system has the imaging ability of subcutaneous blood vessels in biological tissues (Fig. 5).

Conclusions In this paper, based on the contradictions among the scanning range, imaging speed of traditional
photoacoustic microscope, and the prospect of miniaturization, a photoacoustic microscope based on a transparent
transducer is proposed, and a series of works such as hardware design, software development and simulation
experiment of the system are completed. On the basis of the traditional photoacoustic microscope, our laboratory
independently develops a transparent ultrasonic transducer to optimize the optical path of the system. A set of
photoacoustic microscope based on the transparent ultrasonic transducer is designed. The lateral resolution of the
system is 18 um and the signal-to-noise ratio is up to 38 dB, which both give a large imaging field of view and a fast
imaging speed. A single imaging can achieve 16 mm X 16 mm range. The laser repetition rate of the system is 5 kHz
and the imaging speed of 100 Hz/mm can be achieved when the scanning step is 20 pm. At the same time, the
vascular morphology in the biological tissue imaging experiment is consistent with that in the photos, suggesting that
the system has the potential to be applied in the biomedical field. Above all, the photoacoustic microscope based on a
transparent transducer can give consideration to both a large imaging field of view and a fast imaging speed, and has
a good application prospect in system miniaturization and functional imaging of biological tissues.

Key words medical optics; ultrasonic transducer; photoacoustic microscope; biomedical applications; miniaturization;
large field-of-view
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