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mid-IR QCL-pumped, ammonia laser (NH3)) at 1THz



QCL-pumped FIR molecular laser at 1THz
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Maximum theore-cal efficiency: 18.5 mW/W

Ø 55% of max. efficiency (= ½ nTHz/ nmid-IR ) reached
Ø need to op-mize the design to increase further the output power

A. Pagies et al., APL Photonics, 1, 031302 (2016)
M. Micica et al., Opex, 26, 21242 (2018)

10 mW/W

NH3

50cm-long, 1cm-diameter
copper tube

8mm

pressure 1Pa

The first QCL-pumped FIR molecular laser at 1THz
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Measurement of frequency noise using a fs-laser comb



Beatnote genera)on using a harmonic mixer

fbeat= (3 x 36) x fLO - fTHz =

= (1080 – 1073) GHz = 7GHz

Harmonic mixer
x 36

Local 
Oscillator

30GHz

THz molecular
laser

fTHz = 1073GHz 

|dfbeat|rms = 108 x |dfLO|rms + |dfTHz|rms

if 108 x dfLO << d fTHz

Ø The frequency noise (FN) of fbeat is a copy of the FN of fTHz

à Need a low phase noise LO (dfLO is mul)plied by 108!)

Tripler

fLO= 10GHz
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Frequency noise of QCL-pumped THz laser

Ø Varia%on of modula%on transfer observed on noise spectra 
Øfrom b-line crossing à linewidth < 5kHz on 10ms integra%on %me 
ØBelow ~30kHz à ~ “technical noise” compa%ble with mid-IR QCL frequency noise
ØAbove 30kHz à THz laser frequency noise (possibly limited by current driver noise)
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Phase-locking to frequency comb

Ø Phase-locking successful: sub-Hz linewidth

Ø ~ 0.04rad residual rms phase noise à > 99.5% of BN signal power coherently locked 
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