High power coupled ridge waveguide quantum cascade laser arrays
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Abstract—The fifteen-unity coupled ridge waveguide quantum
cascade laser (QCL) arrays integrated in parallel were present.
In-Phase mode of operation is provided by both the index-guided
nature and the strong coupling between lasers inherent in this structure.
Single-lobe lateral far-field with a nearly diffraction limited beam
pattern was obtained. The simplicity of this structure and fabrication
process makes this approach attractive to many practical applications.

I. INTRODUCTION

ince their invention in 1994, quantum cascade lasers (QCLs) have
Sundergone a rapid development and are now well established as
reliable semiconductor coherent light sources in the mid-infrared
spectral region.®> For many applications such as remote sensing of
chemicals, and free space communication, there is a need for high peak
output power operation of QCL. For achieving high peak output power,
the most straightforward approach is to increase ridge width of the
laser. However, simply widening the ridge width above a certain value
is not viable as it leads to poor beam quality. * As a result, some
solutions have been proposed to maintain strong optical coherence for
a large-area laser, such as photonic crystal DFB lasers, *
master-oscillator power-amplifiers, ® and angled cavity lasers.®
Another elegant and simple method to obtain fundamental transverse
mode far-field is coherent ridge waveguide or stripes laser arrays. In
this work, we present the fifteen-unity coupled ridge waveguide DFB
QCL arrays and demonstrate a single-lobe far-field pattern with a near
diffraction limited beam quality. Compared with QCL micro-stripes in
Ref. 7-8, ridge waveguide arrays are only etched in upper InP cladding.
The optical field of coupled ridge waveguide structure is mainly
confined in the ridge region while the coupling region has gain instead
of loss, thus promoting in-phase operation when the gain in the
interspaces between the waveguides exceeds that of the waveguides
themselves.
Results
The wafer was etched into coupled ridge waveguide laser arrays
structure with fifteen elements by standard photolithographic
techniques and wet chemical etching. The average width of each ridge
was about 7.5 pm and the center-to-center spacing was 10 pm. The
etching depth was about 2.5 pm, which give enough index guidance.
The fifteen-unity coupled ridge waveguide are chosen as elements of a
laser array mainly because of their index-guided nature and simplicity
in fabrication. Such a structure possesses two distinct features: i) both
the waveguides and interspaces are laterally uniform and the width of
each emitter is far larger than interspaces, ii) the optical field is mainly
confined in the ridge region while the coupling region has gain instead
of loss, thus promoting in-phase operation. Fig. 1 (b) shows the results
of a numerical 2D simulation of the near-field patterns of fifteen-unit
coupled ridge waveguide laser arrays with finite element method
software [COMSOL]. The arrays were generated by the
injected-carrier profile induced in the active region by a periodic upper
InP cladding. The presence of near-field intensity favor in-phase
supermode, where the signs of electric field distribution is consistent
with a 0° phase shift between emitters. The radiation intensity is
centrally peaked, indicating an oscillation in virtually the fundamental
supermode.

FIG 1. (a) Scanning electron microscopy images of the fifteen-unity
coupled ridge waveguide QCL arrays (b) The calculated near-field
profiles of the fifteen-unity coupled ridge waveguide structure taken
with finite element method software [COMSOL].

(a)

Increasing current

6.0~12.0A
Step=1A

Max

Intensity (a.u.)

-10.0 -7.5 -5.0
(b) ]
8.0~12.0A
'Step=1A |

Intensity (a.u.)

_ 4 Y
-250-200-150-100 -50 0 50 100 150 200 250
Angle (degree)

FIG 2. (a) Measured lateral far-field radiation patterns for the coupled

ridge waveguide devices at different driving currents operated in
pulsed mode. The inset of Fig 2(a) shows the image of a laser beam
emitted from the coupled ridge waveguide devices after collimation by
the aspheric lens. The result was taken with a calibrated thermopile
Infrared camera (Pyrocam I11). (b) Measured vertical far-fields of these
lasers at different driving currents operated in pulsed mode.



Of particular interest is the lateral far-field radiation pattern of these
lasers. In this lateral direction, the coherence between spaced emitting
regions generates a single, well-collimated far-field radiation lobe at

different driving currents. The emission direction is normal to the facet.

The measured full width at half maximum (FWHM) of the far-field
pattern is 3.9<at a driving current of 6 A at 20 <C, which is nearly
diffraction limited (i.e., 2.9 <for an in-phase 150-um-wide array with
amplitudes weighted as indicated by the near-field pattern in Fig. 1).
This indicates a pure in-phase operation. The lobe FWHM increases
gradually to 5.3<at a driving current of 9 A. Fig. 2 (b) shows the
vertical far-fields of these lasers up to 12 A. Single lobe radiation with
a symmetric far-field pattern is obtained.
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FIG 3. Light-current of a coupled ridge DFB QCL operated in pulsed

mode at different heat sink temperatures between 10 and 30 <C along
with a normal ridge waveguide laser at 20 <C.

The light-current (L-1) characteristic for one of these devices under
pulsed operation is shown in Fig. 3. Threshold currents densities are in
the range of 1.83-2.33 kA/cm? (Threshold currents are in the range of
5.5-7 A) at different heat sink temperatures from 10 to 30 <C. For
temperature characteristics of the couple ridge QCL, the maximum
peak output power was observed to decrease from 4.6 to 3.5 W (The
maximum current is at 11 A), while the slope efficiency reduces from
1.15 to 0.96 W/A at heat sink temperatures of 10 to 30 <C. We also
give characteristics of a normal ridge waveguide laser in Fig. 4 for
comparison (The ridge width is 13 um and the grating structure is the
same as coupled ridge waveguide arrays). The current density of
normal ridge waveguide laser is lower than the coupled ridge
waveguide arrays. The possible reason is that the coupled ridge
waveguide laser suffers a higher interface scattering.

Il. SUMMARY

We have described a fifteen-unity couple ridge waveguide DFB
QCL arrays with coherent emission. Phase-locking and the
fundamental supermode emission have been obtained leading to beam
close to diffraction limited operation in lateral direction. these results
are highly reproducible and it may also be possible to achieve even
higher single longitudinal mode output power with good beam quality
by adding more ridge waveguide to the arrays.
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