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Chip-Scale THz Frequency 
Conversion and Tuning

T erahertz (THz) on-chip communication 
with compact topological devices and 

high-rate data transmission could enable future 
artificial-intelligence and cloud-based technolo-
gies1. A key challenge in reaching such goals is 
controlled THz generation, confinement and detec-
tion, preferably in a compact integrated device.

Recently, we have developed THz frequency- 
tuning techniques using a lithium niobate (LN) 
photonic chip that have allowed for very efficient 
nonlinear THz frequency conversion,2 exotic 
phase-matched transport of “frozen-phase” THz 
waves,3 and the topologically tuned confine-
ment of THz waves upon nonlinear generation.4 
These works raise new possibilities for versatile, 
stable and highly integrated multifunctional THz 
photonic circuits for applications including THz 
computing, imaging and fingerprint detection.

For decades, researchers have sought effi-
cient nonlinear effects at THz frequencies by 
raising the input power. Conversion efficiency, 
however, remained low in chip-scale nonlinear 
crystals, although LN has yielded brilliant non-
linear features in the visible or near-infrared 
spectrum. To effectively enhance the THz nonlin-
earity, we proposed a scheme based on nonlinear 
Huang equations, generalized from 
the well-known Huang equations 
in lattice dynamics,5 to highlight the 
unique role of phonon polaritons in 
enhancing THz nonlinear effects.2 As 
THz waves can be in resonance with 
optical phonons in most ionic crystals, 
they may provide an external force 
on phonon polaritons, thus directly 
linking the nonlinear polarization 
field to the ionic polarity.

We achieved a giant THz nonlin-
ear frequency conversion in an LN 
chip by utilizing phonon polaritons. 
The nonlinear susceptibility of the 
THz difference-frequency genera-
tion reached around 10–6 m/V, about 
five orders of magnitude higher than 

previous results. This work provides a new 
approach toward high nonlinearity in chip-scale 
LN, required by THz nonlinear technologies.

In other experiments, we designed a wedge- 
shaped topological Su-Schrieffer-Heeger lattice 
on an LN chip.4 Upon nonlinear excitation by a 
femtosecond laser, THz waves were generated and 
switched from a topologically nontrivial defect 
mode (the “long-long defect” [L-LD]) to a bulk 
mode (transition point), and then to a trivial defect 
mode (the “short-short defect” [S-SD]), exhibiting 
tunable confinement and THz topological mode 
population along the LN chip. Such a topologi-
cal control of THz waves may bring about new 
possibilities in realizing THz integrated circuits, 
promising for advanced topology-driven pho-
tonic applications.

These studies open an avenue for THz wave 
generation, confinement, and detection in a mul-
tifunctional integrated chip-scale device, which 
may find applications in numerous systems with 
characteristic THz fingerprints. The observed 
giant nonlinearity for THz waves is promising for 
optical control of spin qubits in semiconductors  
as well as manipulation of many ionic and ferro-
electric/ferromagnetic crystal properties. OPN

Nonlinear THz frequency conversion and topological tuning in an LN chip (see accompany-
ing video). Left: Illustration of THz frequency conversion mediated by phonon polaritons. Top 
right: Illustration of chip-scale LN with a wedge-shaped structure. Bottom right: THz waves 
evolving in different regions of Su-Schrieffer-Heeger lattice under topological tuning.
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Visit optica-opn.org/optics- 
in-2022 to view the video that 
accompanies this article.


