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Abstract Photoacoustic imaging (PAI) has been widely used in the fields of cardiovascular and cerebrovascular

research, cancer diagnostic, brain science, and early diagnosis to diseases owing to its distinguished characteristics,

such as noninvasion, high resolution, and high contrast.

technology, the miniaturized PAI technology has developed rapidl

With the recent progress in opto-electro-mechanical

y. This study focusses on the miniaturization of

PAI system and provides a review for the development of PAI from the viewpoint of hand-held, wearable, portable,

and endoscopic PAI devices.
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Fig. 1 Schematic of the PAI. (a) Physical model; (b) process flow diagram
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UT: ultrasound transducer;
X AC: aluminum coating;
AL: acoustic lens;

e
NM: neodymium magnet;
. AM: aluminum mirror
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Fig. 2 Different types of MEMS mirror contained in the hand-held PAI system. (a) Schematic of hand-held PAM probe

based on two-axis water-immersible MEMS mirror™ ; (b) schematic of the MEMS mirror actuated by the magnetic

force!™ ; (¢) schematic of the MEMS mirror actuated by the thermal expansion induced by the electric current
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OL: objective lens;
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P: right angle prism;

CG: cover glass;
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Scattering-only S

T PRSI B6 vh nT 23 AT Ol 2 A8 AR AE R L T AR
FIF 9% Sl B0 LA 2 1) R B TG S AT e R Y
JeRE S . % W-OR-PAM 76 0 1 H 1 3l i1 K B
i 1 20 2o R R Y AR P RE Y

@8 mm Liquid Light Guide

B3 WA R R R A () T O R BT R R S O 1% 5% T RE
7R FE I 5 (b) i SR e A A] 2 O A B A I BB R B

Fig. 3 Schematic and structure of the wearable PAI system. (a) Schematic of the light delivery and ultrasound

detection in the W-PAT system™; (b) schematic of the ultra-compact and W-OR-PAM system"*
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01-02: objective lens; C1-C2: collimator; FC: fiber coupler; PC1-PC2: fiber polarization controller;
M: mirror; AL: aspheric lens; DM: dichroic mirror; G: galvanometer; SL: scan lens; WT: water tank;
CG: cover glass; UT: ultrasound transducer; R: rotator. F1-F2: optical fibers; T1-T2: translation stage;

RG: rotator and gear; G: gear
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Fig. 4 Schematic and structure of the portable PAT system'™ . (a) Schematic of dual modality portable
W-PAT system, in which both OR-PAM and OCT are included; (b) corresponding 3D image of the system
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SST: stainless-steel tubing;
F: fiber;

CF: ceramic ferrule;

GL: GRIN lens;

M: MEMS mirror;

UST: ultrasound transducer;
USTC: ultrasound transducer cable;
C: water cube;

LB: light beam,;

AB: acoustic beam;

DW: deionized water;

CG: cover glass
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Fig. 5 Schematic and structure of the PAE system™? . (a) Schematic of OR-PAE system
based on the MEMS mirror; (b) details of the OR-PAE probe
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