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Abstract Terahertz (THz) waves are ideal for biomedical imaging because of its natural non-ionization properties,
sensitivity to moisture, and penetration depth in biomedical tissues. The THz quantum cascade laser (QCL) has
advantages of high power, good-quality spot, fast modulation rate, and tiny size. Compared with traditional
biomedical imaging systems, the biomedical imaging systems based on THz QCL have a superior signal-to-noise
ratio, higher imaging resolution, faster imaging speed, and more compact structure. This study reviewed the
progress on the research of biomedical imaging systems based on THz QCL. Furthermore, this study also
summarized the advantages of THz bioimaging, THz QCL biomedical imaging, biomedical imaging systems, and
biomedical imaging goals. Moreover, the direction of future developments is viewed.
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Fig. 1 THz QCL. (a) Physical map of THz QCL; (b) operation principle of THz QCL
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Fig. 3 Images of rat tissues''”

. (a) Visible images and (b) THz images of liver, fat, muscle, and tendon of rat respective;

(c) visible image and (d) THz image of slice of rat brain; (e) visible image and (f) THz image of healthy liver slice

of rat; (g) visible image and (h) THz image of the metastasis liver slice of rat
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Fig. 4 Reflection imaging system with THz QCL and its imaging results
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(a) Reflection imaging system

with THz QCL; (b)(c) visible images of rat brain frontal sections; (d)(e) THz images of rat brain frontal sections
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Fig. 6 Porcine tissue samples and imaging experiment results

[20]

5 mm thick tissue from porcine abdomen: (a) sample;

(b) visible image; (c) amplitude-like image of THz waves; (d) phase-like image of THz waves. 40, 60, 80,

100 pm thick tissues from porcine abdominal skin: (e) samples; (f) visible image; (g) amplitude-like image of THz

waves; (h) phase-like image of THz waves
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Fig. 7 Differential imaging system with THz QCL and its imaging experiment results™?*?"

. (a) Imaging system with
4.9 THz QCL and VO, microbolometer focal plane array (optical path =25 m); (b) visible image of dried seed

pod; (¢)THz image of dried seed pod
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Fig. 8 Confocal microscope system with THz QCL and its imaging experiment results®® .

(a) Confocal THz microscope system; (b) visible image of the fresh leaf; (c¢) confocal THz image of the fresh leaf
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Fig. 9 Confocal microscope system with THz QCL and its imaging experiment results??¥ . (a) Confocal THz microscope

system; (b) visible image of the fresh leaf; (¢) THz image of the fresh leaf; (d) confocal THz fine image of

rectangular frame in Fig.9(c)
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Fig. 10 Digital holography system with THz QCL and its imaging experiment results®” . (a) THz digital holography
system; (b) picture of a 30 pum thick human skin histological slice; (c) reconstructed amplitude image of THz

waves; (d) reconstructed phase image of THz waves
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Fig. 11 Multicolor imaging system with THz QCL and its imaging experiment results®" .
(b)

(c) transmission spectra of the normal tissue and brain metastasis; (d) multicolor THz images for the tumor sample

(a) Multicolor THz imaging system;

sagittal T1 weighted magnetic resonance image of metastatic brain tumor and normal brain tissue;
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