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Efficient light sources in the mid-infrared spectral region arc desirable for numerous industrial,
environmental and biochemical applications. Quantum cascade lasers (QCLS) enable tailorable
emission characteristics over a broad wavelength range and at the same time provide high-
performance operation. In contrast to conventional Fabry-Pérot devices, surface emitting QCLs
offer the possibility of on-chip testing and 2D array integration. Furthermore, the typically large
aperture produces collimated beam profiles. The versatility of these lasers allows effective
implementation in different sensing sctups cxploiting various spectroscopic techniques.

We demonstrate the versatile applicability of ring QCLs in spectroscopic sensing systems. Such
Jasers consist of a circular waveguide with a second order distributed feedback (DFB) grating on
top. Utilization of bi-functional quantum cascade heterostructures' facilitates the fabrication of
wavelength-matched lasers and  detectors monolithically integrated on a single chip. In
combination with surface cmitting and detecting cavity designs, this approach cnables cfficient
yemote sensing. We developed an innovative sensor concept consisting ol two concentric bi-
functional quantum cascade ring structures”. Both rings arc capable of light emission and
detection which makes mutual commutation possible and renders the distinction between laser
and detector ncedless. In the first operation mode the inner ring acts as the detector and the outer
ring is the laser. In the second operation mode the situation is reversed. The DFB grating allows
to equip both rings with diffcrent emission wavelengths which increases the versatility of the
device. Proof-of-principle gas scnsing cxperiments were performed  with isobutene and
isobutane. The corresponding remote sensing sctup is shown in Fig. 1(a).
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Fig. 1: (a) Remote sensing setup with on-chip sensor featuring two commutable ring
QCLDs. Inset: SEM image of a segment of both rmgs. (b) Results of the proof-of
principle gas sensing experiment. Ti i VETSUS gis Source: [2]
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Light is emitted from one of the rings on the sensor chip and collimated by the lens. Afier
passing the chopper and propagating through (he gas cell, the light iy back-reflected by a flat
gold mirror and travels along its initial path back to the sensor chip where it is detected by the
other ring. The measured transmittance as a function of the gas concentration for the isobutane
study is depicted in Fig. 1(b). Our data show good agreement with the Beer-Lambert law and
the experimentally determined absorbance coefficients comply with literature values, Without
the utilization of lemperature stabilization we reached a limit of detection of 400ppm with a
10cm long gas cell, Implementation of this concept with substrate integrated hollow waveguides
(iHWGs)" could enable a crucial miniaturization of sensing devices. These compact gas cells
require only small 8as volumes and impress with high volumetric optical efliciencics. In
combination with mature Spectroscopic techniques, such as tunable Jaser spectroscopy’, the
presented on-chip sensor system could experience significant performance enhancement and
pave the way for compact hand-held remote sensors. Preliminary experiments demonstrated the
compatibility of ring QCLs with iHWGs as shown in Fig. 2(a).
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Fig. 2: (a) Setup combining ring QCLs and iHWGs. (b) Onset of thermal tuning in
current modulated ring QCLs indi 1 by the increase of the lrequency modulation
(FM) — intensity modulation (IM) phase for decreasi 2 modulation freguenci

Furthermore, tunable laser spectroscopy with ring QCLs provides profound insights into (he
electronic and optical properties of these lasers and reveals the transition from electronic 1o
thermal tuning as indicated in Fig. 2(b).
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