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Quantum cascade lasers (QCLs) are small and powerful sources covering a wide spectral range from infrared
to terahertz (THz) radiation. When fabricated in metal-metal ridge waveguides, the output aperture is typically
very small compared to the long wavelength of THz radiation, therefore it is challenging to obtain collimated,
directional emission from such devices.

Since numerous potential applications, ranging from imaging to spectroscopy, require a collimated emission,

various concepts have been developed to optimize the far-field properties of THz QCLs.
For analysing the far field, most commonly used are either single-pixel detectors mounted on a translation stage
or focal plane arrays. These measurements give information about the spectrally integrated far field only, however
several optimization concepts require knowledge about individual spectral components of the far field. Obtaining
this information using narrowband optical filters [1] or apertures [2] is possible, but time consuming and
challenging.

The presented measurement technique [3] consists of a microbolometer focal plane array (FPA) placed inside
the sample chamber of an FTIR spectrometer (see Fig. 1 (a)). The THz radiation emitted from the QCL is coupled
into the FTIR via a parabolic mirror, guided through the spectrometer and recorded with either the internal DTGS
detector or the FPA. Each pixel of the FPA records an individual interferogram, which is fourier transformed
afterwards to obtain the spectrally resolved far field. In Fig. 1 (c) spectra obtained with the internal DTGS detector
and the FPA are compared and show very good agreement.

Promising sources for multimode directional emission are THz quantum cascade random lasers [4] (Fig. 1 (b)).
These devices allow the shaping of the far-field emission properties by changing the scatter pattern, with an
optimized configuration collimated multimode emission is possible. With the presented technique, the
contributions of the individual modes of THz random lasers to the integrated far field can be distinguished. In Fig.
1 (d), the far field contributions of two selected modes are depicted, in Fig. 1 (e) the integrated far field of the same
device is shown.
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Fig. 1. (a) Scheme of measurement setup. The focal plane array microbolometer (camera) is placed in the sample chamber of an FTIR. (b)
Scheme of THz quantum cascade random laser (c) Comparison of spectra obtained with the FTIR internal DTGS detector (bottom) and the
microbolometer camera. Both exhibit the same spectral features. (d) Far-field contributions of two selected modes of a THz quantum cascade
random laser. (e) Integrated far field of the device.

Using this technique, the properties of cavity concepts for broadband multimode emission, required for various
applications of THz QCLs, can be studied accurately.
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