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The increasing demand for rapid sensing systems and the trend towards miniaturization 
require an innovative approach for integration of mid-infrared photonic integrated circuits. 
Mid-infrared spectroscopy is a well-established technique for chemical sensing, where 
particular molecules can be identified thanks to their ‘fingerprint region’ at mid-IR 
wavelengths. However, conventional sensing platforms consist of external components, 
such as light sources and detectors, combined with an analyte interaction region. It has been 
already demonstrated, that quantum cascade lasers (QCL) and quantum cascade 
detectors (QCD) can be monolithically integrated on an on-chip mid-IR sensor for liquid 
sensing, as well as that they are suitable for gas measurements.1,2 Nevertheless, in order to 
measure gaseous analytes, a reasonably long interaction path is required. We present 
a heterogeneous lab-on-a-chip integration by flip-chip bonding of a QCL and QCD on 
a waveguide chip. In our approach, the laser chip is mounted upside down on tailor-made 
bonding stripes on the waveguide chip. These bonding stripes have the same geometry as the 
corresponding bonding pads on the laser chip and facilitate free-hanging lasers, which 
completely removes pressure acting on the laser ridge during flip-chip bonding. Additionally, 
sub-micron precision of flip-chip bonding enables lasers mounting directly in front of the 
waveguides (Fig. 1a and  b), which increases light coupling efficiency to the waveguide and 
solves the alignment problems that would arise during utilization of a conventional optical 
setup. Instead of Au-Au contacts, an eutectic composition of Au and Sn was used as a solder, 
reducing bonding temperature to 300°C and opening a possibility to mount interband cascade 
lasers (ICL) as well. Fully suspended rib waveguide membranes were fabricated (Fig. 1c) 
using various material platforms, allowing the interaction path length to be in a centimeter 
range. 
 
   

 
Fig. 1. Laser-waveguide integration using flip-chip bonding: a) graphical representation of the 
concept, b) SEM micrograph of a QCL bonded in front of the suspended waveguides, c) spiral 
waveguide membrane 
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