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Broadband Terahertz (THz) Spectroscopy

‘THz gap’ Overview of THz Sources and Detectors 

Ref:  W Zouaghi et al. Eur. J. Phys. 34: S179, 2013
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Generation of THz Waves

Method Quantum Cascade 
Laser

Photoconductive 
Antenna Semiconductor Optical 

Rectification
Electro-optical 

Sampling

Schematic

Limited by:
1 Excitation source (bandwidth and center frequency)
2 Operating temperature
3 Phase matching condition
4 Longitudinal optical phonon absorption
5 Defect and impurity
6 Weak nonlinear conversion efficiency
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Nonlinear Plasmonics

Ref: Opt. Express 15: 5238-5247 
Ref: Science 333: 1720-1723

Physical Review B 95: 165432, 2017
Scientific Reports 6: 18872, 2016

Physical Review A 83: 043824, 2011
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FDTD Implementation of Maxwell-Hydrodynamic Model

Maxwell’s Equations

Hydrodynamic Model

The equations are solved by FDTD method with Yee grids.

Weakly Coupled by:
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Charge Conservation

At each point, the electron density
fluctuates. However, the total charge
within the sphere is conserved.

Discretization
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Energy Conservation/Conversion

𝐸ௌுீሺ2ωሻ~|𝐸ሺωሻ| ଶ
𝐸்ுீሺ3ωሻ~|𝐸ሺωሻ| ଷ
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Angular Momentum Conservation (1) 

M. Fang, W.E.I. Sha, et al. Progress In Electromagnetics Research 157: 
63–78, 2016.  (Invited Paper)

m = (nl+1) same circular polarization

m = (nl-1) opposite circular polarization

n fold rotational symmetry and mth harmonics

C1

C3

C4
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Angular Momentum Conservation (2) 

spatial interpolation is adopted to force all the physical quantities to be the 
same locations. The interpolation scheme is crucial to maintain the angular 
momentum conservation of nonlinear process in metals.

Discretization of Hydrodynamic Equation
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*Ref:  L. Luo, et al. Nature Communications 5: 3055, 2014

Broadband Metasurface THz Emitter: Experiments in 
Literature

Response Function

Absorption Gaps

Thickness Dependent 
THz Detection



Page 12

Numerical Results of Metasurface THz Emitter by 
Maxwell-Hydrodynamic (M-H) Model

M. Fang, W.E.I. Sha, et al. IEEE 
JMMCT 2: 194-201, 2017
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Terahertz Spectrum — Metasurface Generation and ZnTe
Crystal Detection

THz pulse 

THz spectrum
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Tunable THz Spectrum by Duration Time or FWHM of 
Incident Laser Pulse

M. Fang, W.E.I. Sha, et al. Optics Express, 26(11): 14241, 2018
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Incident Angle and Polarization Dependent THz 
Generation

vertical horizontalincident angles
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Conclusion

1. A time-domain implementation of Maxwell-hydrodynamic model for
conduction electrons in metals has been developed to enable
nonperturbative studies of nonlinear coherent interaction between light
and plasmonic nanostructures.

2. Numerical method was validated by conservation and conversion laws.

3. We numerically demonstrated a new concept of THz emitter based on a
single-layer nonlinear metasurface of nanoscale thickness, representing
a new platform for revealing artificial magnetism-induced THz
generation.
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Outlook

Maxwell’s Equations

Hydrodynamic Model

Quantum Corrections

Local Nonlocal


