2 kW Pulse Power from Internal Wavelength Stabilized
Diode Laser Bar for LIDAR Applications
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Abstract —~We present a bipolar-cascade distributed-Bragg-reflector laser bar with an intended wavelength of 905 nm emitting
8 ns long pulses with 2 kW peak power at a current slightly above 1 kA into the third vertical mode. The spectral width of the
pulses is 0.3 nm.

I. Introduction

Lasers generating short (ns range) optical pulses are key components for Light Detection and Ranging (LiDAR)
systems used for, e.g., autonomous driving or the measurements of atmospheric parameters. Although
semiconductor lasers are ideally suited for generation of ns pulses simply by turning the injection current on and
off, the available optical peak powers or pulse energies are either too low [1] or the needed current amplitudes are
too high [2].

In order to reduce the currents needed to achieve high peak powers, several laser diodes, separated by tunnel
junctions can be epitaxially stacked in series [3-7]. Ideally, the slope efficiencies of such nanostack lasers are
proportional to the number N of diodes. Thus, far above threshold, the optical power is increased by a factor of N
compared to single diodes for the same injection current, at the expense of a correspondingly increased voltage.
Recently, we reported the successful stacking of three active regions alternating with tunnel junctions in a single
waveguide core instead of stacking independently working laser diodes [8]. In order to minimize the impact of the
large absorption resulting from the highly doped tunnel junctions and to maximize the modal gain, we designed
the waveguide in such a way that the tunnel junctions and active regions are placed into the nodes and antinodes,
respectively, of the intensity for the third vertical mode. We obtained a total slope efficiency of 3.6 W/A for as-
cleaved 1 mm long broad area Fabry-Pérot (FP) lasers emitting near 905 nm. This concept of a shared waveguide
mode enabled the implementation of a surface Bragg grating for wavelength stabilization [9], which is needed to
improve the signal-to-noise ratio in LIDAR systems. Based on these results, we realized a distributed Bragg
reflector (DBR) laser bar consisting of 48 emitters and integrated it into an electrical driver circuit developed in-
house delivering ns current pulses with amplitudes of more than 1 kKA. In this summary, we present results of an
electro-optical characterization.

Il. Results

The vertical layer structure consists of GaAs buffer, AlosGagsAs n-cladding, AlossGaossAs optical
confinement layers around the active regions and tunnel junctions, Alg75Gag25As p-cladding, and GaAs cap. The
three 6 nm thick InGaAs active quantum wells (QWSs) and the two 35 nm thick GaAs tunnel junctions (TJs) were
placed into the antinodes and nodes, respectively, of the third vertical mode (Fig. 1). The total thickness of the
waveguide core including active regions and tunnel junctions is about 5.5 pum.

The 1 cm wide DBR laser bar was fabricated in a standard wafer process. It consists of 48 single emitters with a
stripe width of the p-contact of 50 pm and a total cavity length of 4 mm. Narrow trenches shallowly etched into
the epitaxial layers provide lateral optical as well as current confinement. Electrical isolation is achieved by the
deposition of an insulator layer opened on top of the etched mesa. 1 mm long Bragg gratings stabilizing the
wavelength were defined by e-beam lithography on parts of the surface of the completely grown wafer and
transferred into the semiconductor by plasma etching [10]. The grating period of 970.7 nm corresponding to a 7t
Bragg order was chosen to allow for an intended Bragg wavelength of 905 nm. A scanning electron microscope
(SEM) picture of a grating etched into a process control area on the wafer is shown in Fig. 1. After processing, the
facets of cleaved bars were coated to achieve reflection coefficients of 1% (gain section) and nearly 0% (Bragg
section). The laser bar was soldered p-side down on a CuW submount and integrated into an electrical driver
developed in-house. The driver generates electrical pulses with pulse lengths between 5 and 15 ns. To obtain the
desired peak currents of up to 1 kA, four driver units were combined into a single module.

The pulse power in dependence on the pulse current of the 48-emitter bar mounted into the quadrupole driver
module is shown in Fig. 2. An optical pulse power of more than 2 kW is reached at a pulse current slightly above
1 kA for both temperatures of 25°C and 45°C. Both the pulse power and the pulse current were calculated from
the time-averaged values measured assuming widths of the optical and electrical pulses of 8 ns and a repetition
frequency of 10 kHz. The threshold current is about 0.08 kA and the slope efficiency 2.3 W/A up to a power of
0.5 kW. The efficiency is more than twice as large as that of a similar laser having only a single active region.
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Fig. 1. Cross-sectional SEM picture along the cavity axis of a DBR  Fig. 2. Optical output power emitted at the front facet of the DBR
laser showing parts of the Bragg grating (left) and the gain section laser bar versus the injection current at temperatures of 25°C
(right) and superimposed mode profile (red). (black) and 45°C (red) for a pulse width of 8 ns.

The optical spectra have a full-width at half maximum (FWHM) of about 0.3 nm for both temperatures, see Fig. 3.
The temperature-dependent shift of the peak wavelength is determined to be about 0.07 nm/K which is much
smaller than the corresponding shift of the gain peak governing the lasing wavelength of a FP laser (0.3-0.4 nm/K
in the 9xx nm wavelength range). The side peak originates from an additional peak of the reflection spectrum with
an offset of ~2 nm from the main reflection peak towards shorter wavelengths [9] and the location of the gain peak
at an even shorter wavelength. With increasing temperature, the side peaks move with the same rate as the main
peak, but their intensity decreases because of the stronger shift of the gain peak wavelength.

The temporal behaviour of the optical pulse measured with a fast photodiode and an oscilloscope is exemplarily
shown in Fig. 4 for a pulse current of 0.79 KA. The rise time of the optical power from turn-on up to the peak value
is about 10 ns. The power drops quickly to 20% of the peak value within 5 ns, followed by a slower decay. The
FWHM of the pulse is 8 ns, in agreement with the value assumed in Fig. 2.
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Fig. 3. Time-averaged optical spectra of the DBR laser bar measured ~ Fig. 4. Optical power versus time at a temperature of 25°C and a
at temperatures of 25°C (black) and 45°C (red) and a pulse current of  pulse current of 0.79 kA.
0.74 KA.

At the conference, we will present further details regarding the electrical driver and the electro-optical behavior of
the bar and we will discuss reliability issues.
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