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Phase matched frequency mixing between telecom
wavelengths and THz radiation in a quantum cascade laser
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Abstract: Intra-cavity THz sideband generation at ~1.3um wavelength is demonstrated,
achieved by injecting a near-infrared beam into a THz quantum cascade laser (f=2.9THz,
A=104pum). This process is shown to be phase matched due to the phonon-induced anomalous
dispersion.

Owing to its large second-order susceptibility, GaAs is an interesting material for non-linear optical
generation [1]. The lack of birefringence on the other hand makes phase matching difficult to realise, therefore
limiting the non-linear conversion efficiency. However, owing to the anomalous dispersion produced by the
restrahlenband, the refractive index at long wavelengths (the far-infrared or terahertz (THz) range) is larger than
that in the mid- and most of the near infrared (NIR). This opens up the possibility of a ‘natural’ phase matching
between the THz range and the NIR [2].

In this investigation a GaAs-based quantum cascade laser (QCL) [3] operating at 104pum (£=2.9THz, E=11.9meV)
is used both as a THz source and a non-linear medium. A NIR tunable diode laser, operating around 1300nm, is
coupled into the THz QCL. Figure la shows the generated intra-cavity side-bands, which are clearly observed at
the difference and sum frequency of the THz and NIR radiation [4]. The phase matching condition was verified by
tuning the NIR wavelength between 1260nm and 1340nm and showed a phase matched point at 1305nm (Fig 1b).
The conversion efficiency for the frequency mixing processes, P(w,+Q3)/P(w,), is 1x107 at the peak of the phase
matching curve, in reasonable agreement with the expected value. Recent investigations have demonstrated that
this phase matched point can be tuned towards 1550nm using modal engineering of the THz guide, such that the
THz refractive index is varied without effecting that of the NIR mode.

These results illustrate the possibility of detecting THz radiation using a up-conversion process of a low power
NIR laser and to transport the THz radiation on an optical carrier.
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Figure 1. (a) Near infrared spectrum from the output of the THz QCL (fiber coupled). The QCL is cooled to
14K and is operated in CW. Side-bands are observed at ®+€); and ©;-€2;. b) Measured and expected
efficiency as a function of pump wavelength for the sum frequency process showing a broad phase matching.
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