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ABSTRACT

Optical sensors for mid-infrared spectroscopy are widely used in industnial and environmental monitoring as
well as medical and biochemical diagnostics. Conventional optical sensing setups include a light souree, a light-
anulyte interaction region and » separate detector. We present a sensor concept, based on bi-functional quantum
cascade heterostructures, for which the differentiation between laser and detector is eliminated, This enables
mutual commutation of laser and detector, simplifics remote sensing setups and facilitates a crucial
miniaturization of sensing devices.

INTRODUCTION

Quantum cascade based mid-infrared spectroscopy [1] has become a reliable and versatile tool for chemical
sensing in a variely of felds. Quantum cascade lasers (QCLs) excel with their compactness and lailorable
emissien characteristics throughout a wide range of the infrared electromagnetic spectrum. The unbiased
semiconductor heterostructure is capable of detecting incoming radiation. Such quantum cascade detectors
(QCDs) exhibit an inherent Stark-induced shift of the detection frequency compared with the lasing frequency.
The development of bi-functional quantum cascade heterostructures [2] allows compensation of this
wavelength mismatch and enable a monolithic integration of laser and detector on the same chip. Based on
such bi-functional quantum eascade helerostructures, the specific sensor design strongly depends on the
application af hand.

SENSORS

Liquid sensing utilizing bi-functional quantum cascade lasers/detectors (QCLDs) can be realized on a single
chip as shown in Fig. 1. Typical anatyte interaction lengths for gas sensing are in the range of 1ens of centimeters

Figure I: Scanning electron microscope image of the on-chip sensor
for liquids based on bi-functional QCLDs.

or more and exceed the common semiconductor chip sizes. Our gas sensing approach incorporates surface-
active lasers and detectors (3], which enables to remove the light-analyte interaction region from the chip. This
sensor consists of two concentric ring QCLDs with second order distributed feedback (DFB) gratings on top of
the waveguides. These DFB gratings facilitate vertical light emission [4] and detection in the biased lasing and
unbiased detector configuration, respectively. A sketch of our sensor is given in Fig. 2(a). The engincered
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Figure 2: (a) Sketch of the vertically emitting and detecling remote
sensor with top (TC) and bottom (BC) contacts for each ring (h)
Laser and detector specira of both rings.

wavelength overlap is shown in Fig, 2(b). In the corresponding sensing setup one of the rings is emitting laser
light ot the designed wavelength. The light travels through the gas cell and is back-reflecied by a flat gold mirrer
before it propagates back the initial path. On the sensor chip 1t is then detected by the other ring, This sensor
sctup is schematically illustrated in Fig. 3. For this sensor cancept the length of the light-analyte interaction
region 15 given by the position of the mirror and can be adapted to the specific application. Our sensor can be
operated in two configurations: (i} inner ring as laser and outer ring as detector. (i) Outer ring as laser and
wner ring as detector. [n addition, both rings emit at a different wavelength, which provides room temperature
lasing and detection of two wavelengths monolithically integrated on the same chip.
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Figure 3: Remote gus sensing setup. Light is emutted and detector at
the sensor chip by the two concentric ring QCLDs.

RESULTS AND CONCLUSION

Proof-of-principle sensing experiments were performed with isobutene and isobutane as analyte gases. Our
sensor shows good performance within a wide concentration range from 0-20% with a limit-of-detection of
400ppm utilizing a 10cm gas cell resulting in a total absorption path of 20cm, These direct absorption
measurements are in good agreement with the Lambert-Beer law. In conclusion, we introduce a compact remote
sensor concept based on bi-functional and commutable QCLDs and present proof-of-principle gas
measurements demonstrating the high sensitivity of the sensor.
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