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Introduction:
 For most gas molecules, their fundamental and characteristic roto-vibrational transitions occur at energies that correspond to

the mid-infrared (MIR) region of the electromagnetic spectrum, roughly defined as the part from 4 to 10 μm.

 Laser-light absorption spectroscopy techniques can be applied for the detection and analytical monitoring of pollutant and
greenhouse gases. However, these techniques are usually complicated, and especially multi-gas detection requires a
combination of several detection schemes.

 The IrSens 2 project aims to provide a solution for a single-instrument, portable and low consumption multi-gas detection
system.

Multi-colour quantum cascade lasers (QCLs):
 QCLs are semiconductor light sources, based on intersubband transitions, operating in the

MIR range [1].
 Standard distributed-feedback (DFB) QCLs are tuneable only within a narrow spectral range,

thus restricting the measurement to one gas species per device [2].
 Multi-colour QCL devices have been developed: multicolour array lasers [3], dual-section DFB

QCLs [4].
 In this work, a novel design of multicolour devices, neighbouring pairs of DFB QCLs, is

presented.
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Neighbour Quantum Cascade Lasers design:
 Design is based on an inverted buried hetero-structure protocol [5]:
 Active regions, consisting of a double heterogeneous quantum cascade stack of

InGaAs and InAlAs quantum wells, are grown on an InP substrate.
 Width of active regions transversal profile is 3.8μm and length 3.24mm. Lateral

distance between the active regions is 45μm.
 Wet-etch was used to electrically separate the two devices (devices decoupled from

each other).
 The two active regions feature each a different wet-etched DFB grating with a λ/4

shift, allowing for single-mode emission at 1600 cm-1 and 1900 cm-1.
 High-reflectivity coating was applied to the back facet, to increase output optical

power efficiency.

Figure 4; (a) Light-Current-Voltage curves of the left (solid lines) and right lasers (dashed lines) (b) Emission spectra of the lasers: the single

modes correspond to the etched DFBs on their active regions.

Figure 3: (a) Schematic drawing of the neighbouring DFB QCLs device. (b) SEM image of the lasers’ front

facets. Active regions’ separation distance is 45 μm. The width of their profile is 3.8μm.

Device Characterization – Results

 Light-current-voltage characterization and MIR
spectroscopic measurements reveal continuous-
wave, single-mode operation at 0oC.

 Comparable laser current thresholds: 363mA
(2.9kA/cm2) and 390mA (3.2kA/cm2) at 1600cm-1

and 1900cm-1 respectively.

 Peak optical output power: 10mW for the left laser
and 5mW for the right laser, observed at a pump
current of 475mA (3.9 kV/cm2) for both.

 The spectra of the devices, for a pump current value
near to the optical power maximum, show that both
lasers provide a clear emission line at about 25dBs
above the noise ground level.

 Can be used for pollutant gas spectroscopy,
specifically for NO and NO2.
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Figure 1: Comparison of a conventional multi-gas

detection scheme to the IrSens 2 proposal.

Figure 2: (a) TEM image of a QCL active region. (b) Conduction band diagram of a QCL.


