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I. INTRODUCTION
Optical frequency combs—light sources whose lines are
evenly spaced—have proven to be remarkable tools for
spectroscopy and for metrology. As the optical version of
gearboxes, they are able to link microwave frequencies with
optical frequencies. Traditionally, these combs were generated
using mode-locked solid-state lasers, which can provide very
stable combs with hundreds of thousands of comb lines, but at
the cost of being relatively large (~10 cm).
In the last few years, there has been tremendous interest in
chip-scale frequency combs, such as microresonator combs and
semiconductor mode-locked sources, particularly for
spectroscopic applications. At long wavelengths, it has been
shown that quantum cascade lasers (QCLs) are capable of
forming a comb state that does not possess the properties of
conventional mode-locking, wherein the dispersed cavity
modes of a Fabry-Perot cavity synchronize by four-wave
mixing [1]–[3]. By incorporating proper dispersion
engineering, we have shown that it is possible to create QCL
frequency combs at terahertz (THz) wavelengths, which enable
offer broad bandwidths in a compact package [4]. These combs
are particularly attractive as sources for compact spectroscopy:
by using a dual-comb technique, it is possible to perform highsensitivity spectroscopy without moving parts [5]. In addition,
due to the semi-continuous nature of the temporal output of
these lasers [6], it is possible to continuously track the
instantaneous phase and timing signals of a dual-comb
waveform, enabling computational self-correction of the dualcomb signal even without a reference [7]. As long as the
signal-to-noise ratio of the acquired dual-comb signal is
sufficiently high, one does not require stability for many
spectroscopic measurements.
II. COMB FORMATION IN TERAHERTZ QUANTUM
CASCADE STRUCTURES
Comb formation in QCLs is mediated by χ(3) nonlinearities,
but for this process to occur the Fabry-Perot modes of the
cavity must be approximately evenly-spaced to begin with. In
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When the dispersion is appropriately minimized, the laser is
able to act as a comb: the lasing is broadband, the intermode
beatnote becomes narrow, and all of the lines are separated by
the same intermode beatnote. In order to measure the
coherence of these sources, we developed Shifted Wave
Interference Fourier Transform Spectroscopy (SWIFTS), a
technique wherein the laser is passed through an FTS and the
beatnote is coherently demodulated [6]. This allows us to
compare the cross-correlation of adjacent modes with the
spectral product—the cross-correlation of a perfect comb. This
is demonstrated in Fig. 1b, showing that the comb is uniformly
spaced over nearly its whole bandwidth.
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other words, the intracavity group velocity dispersion (GVD)
must be sufficiently low. In terahertz (THz) QCLs, this is a
challenge since all III-V materials have strong GVD due to the
presence of the Restrahlen band of the host material (i.e.,
electron-phonon coupling) [8]. However, dispersion in THz
QCLs can be mitigated by a number of strategies, in particular
double-chirped mirrors [4], [9], [10]. These are demonstrated
in Fig. 1a.
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Abstract— Optical frequency combs are light sources that
consist of many evenly-spaced lines. I will discuss recent
developments in frequency combs based on terahertz quantum
cascade lasers, which emit broadband comb light in a compact
package. I will also discuss spectroscopic applications and shortterm stability requirements.
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Fig. 1.
(a) Dispersion engineering of a THz QCL comb. Group
velocity dispersion (GVD) of GaAs at terahertz and mid-infrared
frequencies (left), schematic of a double-chirped mirror that
compensates dispersion (center), SEM of a double-chirped mirror
(right). (b) Coherence measurement of a comb. By comparing the crosscorrelation to the spectral product, first-order coherence is measured.
[4], [6]

