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The need for THz Instrumentation 

For Earth Observation and Planetary Science applications, there is a need 
to probe molecules that have transitions at THz frequencies, e.g.: 

O – 4.745 THz 

OH – 3.544 THz 

HO2 – 3.543 THz; 3.544 THz 

An ideal approach for this is heterodyne detection (e.g. with a Schottky 
diode). 

– see: Brian Ellison (RAL Space), ‘Instrumentation for 1–5 THz Heterodyne 
Sounders’ 

 

 

 

But, this requires a compact, local oscillator… 
 

 

 



And therein lies one challenge… 

M. Tonouchi, Nature Photonics, 1, 97 (2007)  

IMPATT – Impact Ionization 
Avalanche Transit-Time 
diode 

HG – Harmonic Generation 

RTD – Resonant-Tunnelling 
Diode  

TPO – THz Parametric 
Oscillator  

PCS – Photoconductive 
Switch  

QCL – Quantum Cascade 
Laser  

The only realistic option for a compact, high power 
source appears to be the THz quantum cascade laser. 



QCL operating principle 



Electronic behaviour 



Images of a THz QCL 

2 QCLs 



The first THz QCL 





Lowering the dissipated power 



The good news… 

•  1 W peak power is possible, and 10s of mW continuous-wave power; 

•  QCLs have an intrinsically narrow linewidth (<20 kHz); 

•  Precise frequencies can be defined using periodic gratings defined into 
the ridge waveguides – DFB, second-order, and third order gratings; 

•  Operation has been demonstrated over the 1 – 5 THz frequency range; 

•  Heterodyne detection has been demonstrated; 

•  Ultrafast control is being implemented, and mode-locking shown; 

•  Radiation hardness has been demonstrated; 

•  The precise input power can be tailored, for a specific QCL wafer, to the 
application by changing the device dimensions. 



But there are plenty of challenges… 

•  High operation temperature is difficult owing to the small spacing between 
the lasing levels (cf kBT) – this leads to thermal back-filling/parallel channels 
for electrons.   

But, there is no fundamental physical limit in this active device 

 

 

•  The current maximum operating temperature is 199.5 K in pulsed 
mode (in the absence of a magnetic field); 

•  There are high dissipated electrical powers (with wall-plug efficiencies 
often < 1%), which is especially problematic when working continuous-
wave at elevated temperatures; 
•  Operation is better at lower temperatures (ideally <20 K), whereas cryo-
free coolers operate better at higher temperatures; 

•  QCLs are currently integrated into instrumentation using free-space 
coupling. 



The LOCUS Project… 

Low Cost Upper Atmosphere Sounder 



QCL Plans 

Through the LOCUS team, and funding from NERC and CEOI, we will: 

•  Design QCLs with targeted frequencies for gas sensing in the upper 
atmosphere; 

•  Integrate, with RAL Space, QCLs into mixer blocks; 

•  Demonstrate optimised heat extraction, (hopefully) improving continuous-
wave QCL performance to match the available space-qualified cryocooler 
performance; 

•  Demonstrate an integrated component technology suitable for atmospheric 
sensing and space applications. 

 
See: 
‘Instrumentation for 1–5 THz Heterodyne Sounders’ – Brian Ellison (RAL) 
 

 



But, there will also be spin off benefits 
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