School of Electrical and Electronic Engineering
FACULTY OF ENGINEERING

Integrated THz quantum-cascade
lasers for atmospheric radiometry

Alexander Valavanis

a.valavanis@leeds.ac.uk



mailto:a.Valavanis@leeds.ac.uk

Overview

*Terahertz (THz) atmospheric & space research
*Waveguide integrated THz QCLs
*Gas spectroscopy applications




THz gas spectroscopy

Spectral “fingerprints” of several important
atmospheric gases lie in THz band

100MHz

Radiometric retrieval simulations
for mesosphere at ~3.5 THz

QCls! —



THz quantum-cascade lasers

Epitaxially-grown GaAs/AlGaAs heterostructures
within plasmonic waveguides

- &

Electrons “cascade”
through energy
levels

THz radiation
emitted at each

fﬁ

“Electron-recycling” process yields > 1 mW
continuous-wave power in ~2-5 THz band
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Integrated THz QCLs for satellite

applications




Motivation: Satellite applications
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QCL integration approaches

QCL
+ waveguide
+ horn antenna

Justen et al., 26! Int.
Symp. Space THz Tech
(2015)

QCL
+ HEB mixer

Miao et al., Opt. Express
23, 4453 (2015)

QCL
+ Schottky mixer
(monolithic)

Wanke et al., Nat.
Photon. 4, 565 (2010)



Keystone integration design

2.0-4.9 THz QCLs
integrated within
precision micromachined
waveguides

Waveguide 0.16x0.08mm?2




QCL frequency-selection design
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Phase matching k; — nkg = —k;
condition:
wave vector of the incident

beam

‘ ki = 2mnege/A
kg = 21 /A grating wave vector

Using 1st order, the phase matching condition can be simplified to: nA = ZneffA



IEEE-standard waveguides

|IEEE Std. 1781.1-2012
for metallic rectangular
waveguides

Horizontal
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WM-130 waveguide (130 x 65) um? is the
optimal choice for fundamental 1.4-2.2 THz
waveguides.

Vertical

|deal divergence: 6 = O'iB’lx 15;0 =7°

Measured: 9° (both axes)



Cryocooler integration

Scanner

Cryo-cooler

Window

Golay Cell

Operation within space-qualified Stirling cryocooler

system




Power-locking techniques

Voice-coil actuators
APL 101, 101111 (2012)

Graphene/split-ring-resonator array
ACS Photon. 3, 464 (2016)

Near-IR laser excitation
Opt. Express 27, 36846 (2019)



Integrated photonic circuit approach

Racetrack resonator provides integrated power adjustment
Potentially very fast tuning (GHz?)
No external modulator needed!

Kundu et al., Opt. Express 28, 4374 (2020)



Power control via RTR

Current density of modulator (A/"cmz)
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QCL Power locking
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Waveguide Integrated QCL+ RTR

QCL bias 1200 mA (peak
value)

RTR bias varies
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Gas spectroscopy applications
using THz QCLs and antenna-
coupled FET detectors




Real-time spectroscopy

Antenna-coupled
FET detectors:
>10 MHz bandwidth



Real-time spectroscopy

Real-time scanning across full QCL bandwidth
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Rapid-scan FTIR

FTIR measurements at 10-ms resolution




Next steps...

Herriot cell for multi-pass photochemistry



Summary

(Integrated\ (Real—time\ (I\/Iulti-pass\

THz devices gas sensing capability
(soon!)

. RN RN /

Postgraduate study opportunities available!
PDRA positions coming soon...
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