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Fig. 1. (a) Time domain and frequency domain spectra of

) Nty

the optical frequency combP; (b) measuring the offset fre-
quency of the optical comb using a self-reference method2.
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Fig. 2. (a) Micrograph of a fabricated lithium niobate microring resonator. (b) Output spectrum of the EO comb generated from the

microring resonator, the bandwidth exceeding 80 nm and more than 900 comb lines. The left inset shows a magnified view of the

dotted. The right inset shows the measured transmission spectrum for several different modulation indices 3.
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design of the laser active region. (b) Octave-spanning spec-

trum of laserlsl,
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Fig. 6. (a) Schematic of the chirped corrugation. The red wave has longer wavelength, while the blue wave has shorter wavelength.

(b) Spectrum of the THz QCL comb at a temperature of 50 K. Atmospheric absorption is shown in yellow®!l. (c) Schematic of the

device in a two-section configuration. The DC section is shown in blue; part of the FP section is in red. (d) Current-voltage charac-

teristics for each section. The pink-shaded area indicates the entire dynamic range of lasing. The inset shows the SEM photo for the

air gap in the real devicel0?.
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Fig. 7. Experimental setup of THz QCL active mode-locking. The emitting frequency of THz QCL is 2.5 THz and its repetition
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The black dots in the figure are experimental values. The red curves are the result of theoretical calculations by assuming that all

modes have equal phasel6?.
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(b) Dual-comb and linewidth with and without GiSAM®2.
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Fig. 12. (a) Schematics of the dual-comb on chip. (b) Optical spectrum (blue curve). The inset shows that the modes consist of two
peaks corresponding to the two combs. In red is the corresponding multi-heterodyne spectrum extracted from the current bias of the
LO laser. (c¢) Schematics of the on-chip dual-comb system under double injection. The inset shows an optical photo of the moun-

ted dual-comb device. (d) The down-converted dual-comb spectra in free-running mode and under a microwave double injection!.
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SPECIAL TOPIC—Nonlinear optics and devices of low-dimensional materials

Research progress of terahertz semiconductor
optical frequency combs’
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Abstract

Optical frequency comb consists of a series of equally spaced and highly stable frequency lines. Due to the
advantages of the ultra-high frequency stability and ultra-low phase noise, the optical frequency combs have
important applications in high precision spectroscopy, imaging, communications, etc. In the terahertz frequency
range, semiconductor-based electrically pumped terahertz quantum cascade lasers have the characteristics of
high output power and wide frequency coverage, and are the ideal candidates for generating terahertz optical
frequency combs. In this article, we first briefly introduce the research progress of the optical frequency comb in
the communication and the mid-infrared bands. Then we mainly review the research progress of the optical
frequency combs based on the terahertz semiconductor quantum cascade laser (QCL) operating in free-running,
active frequency stabilization and passive frequency stabilization modes. In free running mode, the terahertz
QCL frequency comb is mainly limited by the large group velocity dispersion which results in a small comb
bandwidth. Therefore, the dispersion compensation is one of the important methods to stabilize the optical
frequency comb and broaden the spectral bandwidth. At present, the active frequency stabilization mode is a
relatively matured method to realize the optical frequency combs in terahertz QCLs. In this article, we also
detail the methods and applications of terahertz QCL dual-comb operations, including on-chip dual-comb and
dual-comb spectroscopy. Compared with the Fourier transform infrared spectroscopy and time domain
spectroscopy, the terahertz dual-comb spectroscopy has advantages in fast data acquisition (real-time) and high
spectral resolution. The emergence of the dual-comb technique not only verifies the concept of optical frequency

combs, but also further promotes the applications of frequency combs.

Keywords: terahertz quantum cascade laser, dispersion, frequency comb, dual-comb
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