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Terahertz near-field imaging technology and its development

WANG Qianqgian, CUI Bin, YANG Yuping
(School of Science, Minzu University of China, Beijing 100081, China)

Abstract: Because terahertz(THz) waves have the characteristics of low energy, strong penetration,
and broad bandwidth, terahertz imaging technology has been widely used in many fields such as non-
destructive testing, biomedicine, and safety testing. How to improve the resolution of terahertz imaging in
practical applications is becoming more and more important. Terahertz near-field imaging technology can
break through the diffraction limit and obtain high-quality images with submicron or even nanometer
resolution, thus high-resolution THz imaging technologies based on near-field methods have been proposed
and further applied. This article first describes the basic principles of terahertz near-field imaging;
secondly, summarizes its progresses and enhancement methods; and finally prospect the future of terahertz
near-field imaging.
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Fig.1 Aperture based THz near-field imaging
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Fig.3 Near-infrared focusing-THz detection technology: (a) and (b) are the schematic diagrams of the near-field detection mode and its broad spectrum

characteristics, (c) and (d) are the system diagrams of the far-field detection mode and its super-resolution imaging
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Fig.4 Schematics of the interferometric THz near-field microscopy setup and the near-field probe geometry
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Fig.6 Schematic of the near-field scanning terahertz microscopy(N/F-STS) nano-detector
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Fig.9 Near-field microscopy through a 880-nm-thick superlens structure
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(a) different functions of the metasurfaces when it is in the "on" and "off" states (b) and (c) schematic of the hybrid
units of the metasurfaces

Fig.10 Schematic diagram of the hybrid active chiral metasurfaes
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Fig.11 Active chiral metasurfaces for dynamic terahertz near field digital imaging:
(a) units arrangement of the metasurfaces; (b)—(e) near-field patterns of the
metasurface at z=150 pm in “on” and “off” states (/=0.722 THz)
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Tablel Comparison of different near-field imaging methods

method work group resolution application limitation
Resolution depends on the . . 1) complex hole design and spacing control
Nuss, et al.*] size of the physical aperture, gold wire on silicon 2) low transmission efficiency
up to 50 um substrate 3) serious loss of spectral components and signal
Resolution depends on the 1) serious loss of energy and spectral components

physical aperture
(lighting mode)

physical aperture the metal substance in the

. Mitrofanov, et al.*®!  size of the physical aperture, . 2) limited penetration distance
(collection mode) chi
up to 7 um P 3) difficulty in production and limited samples
Resolution depends on the circuits and metal patterns 1) low throughput, low transmission efficiency
dynamic aperture Zhang, et al.*®) focal size of the femtosecond . 1P 2) need semiconductor substrate
in the chip S
laser, 14 um 3) limited sample

metal grating on semi- 1) low-pass light, narrow bandwidth

needle tip 421 Affected by tip size, high . . o 2) limited sample thickness and detection distance
Chen, et al. ; insulating silicon . X X
(far field test) resolution, 150 nm 3) the probe is fragile and easily damaged, but
substrate ; .
difficult to adjust
needle tip [44] L metal grating embedded 1) complicated spacing control
(near field test) Moon, et al. Affected by tip size, 90 nm in dielectric film 2) can only image the surface of the sample
subwavelength THz Resolution depends on the g:;gcrt?;id zlllrc:;tcﬁenf;:stt 1) limited sample thickness and detection distance
radiation source (laser Tonouch, et al.!"*'®  focal size of the femtosecond lon, Super ¢ 2) difficult to achieve higher resolution
s distribution in . . .
emission) laser, 20 pm .. 3) complex signal during near-field detection
superconductivity, etc.
. . 1) limited sample
needle tip + laser emission Mittleman, et al.!'] Resolution depends on the metal nanoparticles and 2) need semiconductor substrate
tip, 20 nm nanorods X . A X
3) high spatial positioning requirements
hyperlens Taubner, et al.*? Resolution up to /20 periodic grating narrow working frequency range
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