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The improvement of the performance of a distributed Bragg reflector
laser bar emitting near 905 nm through the use of multiple epitaxially
stacked active regions and tunnel junctions is reported. The bar consist-
ing of 48 emitters (each having an aperture of 50 um) emits an optical
power of 2.2 kW in 8 ns long pulses at an injection current of 1.1 kA.
This corresponds to an almost threefold increase of the pulse power
compared to a bar with lasers having only a single active region. Due to
the integrated surface Bragg grating, the bar exhibits a narrow spectral
bandwidth of about 0.3 nm and a thermal tuning of only 68 pm/K.

Introduction: Lasers providing short optical pulses with high pulse
power are key components in applications ranging from communica-
tion, spectroscopy, and metrology to time-of-flight (ToF) light detection
and ranging (LiDAR) systems [1, 2]. Line-scanning LiDAR systems em-
ployed for, for example, autonomous driving, require compact, reliable,
and power-efficient light sources to allow for detection of objects at large
distances. Gain switched diode lasers integrated with tailored electronic
drivers, generating high pulse power with a few nanoseconds long cur-
rent pulses with amplitudes up to 1 kA, are ideal candidates for such Li-
DAR systems [3, 4]. The commercialization of these diode lasers neces-
sitates a further increase in detection range and, thus, higher pulse power
and a minimization of the required pulse current amplitudes, which can
be achieved by epitaxially stacking multiple active regions, separated by
tunnel junctions [5-9]. In this way, a nearly N-fold increase of optical
power at constant current has been reported, where N is the number of
stacked active regions. Additionally, for efficient under in atmospheric
conditions those diode lasers are required to operate in an atmospheric
transparency window, for example, at 905 nm [10]. Further, for an op-
timal signal-to-noise ratio, the impact of sunlight must be reduced by
narrowband spectral filters. This necessitates emission in a narrow spec-
tral range that is stable in a large temperature range. Integration of a
surface Bragg grating into the diode laser is a compact and cost-efficient
means to stabilize the emission wavelength [10, 11]. To successfully im-
plement this concept to diode lasers with multiple epitaxially stacked
active regions, all active regions must address the same vertical mode to
utilize a surface Bragg grating. This can be realized by placing the ac-
tive regions and tunnel junctions into the nodes and anti-nodes, respec-
tively, of the intensity of the third mode of a common vertical waveguide
[12]. Such distributed Bragg reflector (DBR) lasers have recently been
demonstrated in quasi-CW operation mode [13]. In this letter, for the
first time, we successfully transfer the concept of an internally wave-
length stabilized multi-active region DBR laser emitting around 911 nm
to the nanosecond pulse regime.

Design of laser bar and realization: The three active regions and two
tunnel junctions of the DBR laser bar are embedded in an Alj 45Gag 55 As
optical confinement layer sandwiched between n-AljsGaysAs and p-
Aly75GagosAs cladding layers. All active regions are made of 6 nm
thick compressively strained InGaAs single quantum wells with tensile-
strained GaAsP spacer layers. These active regions and the 35 nm thick
GaAs tunnel junctions are placed in the nodes and anti-nodes, respec-
tively, of the third vertical waveguide mode. The structure is optimized
for pulsed operation and wavelength stabilization by a 7th order Bragg
grating with high reflectivity. The grating is dry-etched into the p-side
in parts of the completely grown wafer [14]. More details on the layer
structure and the surface grating can be found in [12, 13].

Broad-area lasers were then fabricated using a standard process that
includes dry etching of trenches for lateral optical confinement, followed

Fig. 1 DBR laser bar soldered p-side down on CuW and integrated in elec-
trical pulse driver with four final stages based on GaN transistors. Inset:
Photo of bar with 48 emitters
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Fig. 2 Power of optical pulse versus time at 790 A pulse current and 25°C
mount temperature

by SiN deposition, opening the insulator between the trenches, metal-
ization with Ti-Pt-Au as the p-electrode, thinning of the substrate, and
deposition of Ni-Au-Ge as the n-electrode [13]. The laser bar under in-
vestigation cleaved from the wafer is 4 mm long and 10 mm wide. It
comprises 48 emitters each having a p-stripe width of 50 pm, a 3 mm
long gain section and a 1 mm long unbiased DBR section. The pitch is
200 pm. The resonator is formed by the front facet that is situated at
the gain section and the DBR section. The front facet is coated to 1%
reflection while the back facet is anti-reflection coated. The laser bar is
soldered p-side down on a copper tungsten (CuW) submount. For mea-
surement, that assembly is then sandwiched between an aluminum base
and a tailored high pulse current electronic driver with low inductances
that was originally developed for single-active region laser bars [11], see
Figure 1. Thus, all 48 emitters are driven in parallel. The electronic driver
allows for independent control of pulse width, frequency, and amplitude.
It provides a pulse current up to 1.1 kA in approximately 8 ns long pulses
at a repetition frequency of 10 kHz. For electro-optical characterization,
the complete module is mounted on a temperature-controlled setup.

Experimental results: The electro-optical performance is evaluated by
driving the lasers with 8 ns long current pulses with an amplitude up to
1.1 kA at a frequency fi, of 10 kHz and a mount temperature of 25°C
and 45°C.

First, to calculate the pulse power from the measured average power,
the shape of optical pulse emitted by the complete laser module is in-
vestigated. To this end, the output of the laser module is collected by an
integrating sphere, detected by a fast photodetector (Thorlab DET10A),
and analyzed with a real-time oscilloscope (Agilent Infiniium DSO-X-
93204A). The pulse shape recorded at an average current I, of 63 mA
is shown in Figure 2. The resulting optical pulse width 7, measures about
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Fig. 3 Pulse power in dependence on pulse current of 48 emitter DBR laser
bars having a single active region (dashed line, pulse width 5 ns) and three
active regions (solid line, pulse width 8 ns), respectively, for two temperatures
(black: 25°C, red: 45°C or 50°C as indicated in legend) at 10 kHz repetition
frequency

8 ns full width at half maximum (FWHM). It should be noted, that de-
pending on the design, integrating spheres can lead to a longer optical
pulse front, which can manifest itself at durations of transient processes
of about 1.5 ns. Therefore, the real peak power is estimated conserva-
tively. Due to the fact, that the shape of the current pulses injected into
the diode laser cannot be determined, we assume that the widths of the
optical and electrical pulses are nearly the same. Therefore, the pulse
current /, is calculated from

Ly

XI, . o)
to 790 A. The rise and fall times (10% to 90% intensity) of the optical
pulse are about 6.5 ns and 6.2 ns, respectively.

Second, the power-current characteristics of the laser module are in-
vestigated. To record the total average optical output power P, a ther-
mopile power detector (Gentec XLP12-3S-H2-D0 with a Gentec Mae-
stro power meter console) is positioned < 1 mm after the front facet of
the laser module. The optical pulse power calculated in the same way as
the pulse current,

P
XPy =%, @)
Tpfrep

is shown in Figure 3 for the DBR laser bar with three active region stud-
ied in this Letter and for a conventional DBR laser bar having only a
single active region reported earlier in ref. [4, 11]. The dependence of
the power on the current of the three-active region laser bar is nearly
linear for both investigated mount temperatures and a maximum pulse
power of more than 2.2 kW is achieved for pulse currents of 1130 A and
1150 A at 25°C and 45°C, respectively. Compared to the single-active
region laser bar, the optical power is enhanced by a factor of 2.9 deter-
mined at 1 kA and 25°C. The result shows that the in-house electronic
driver can successfully be used here as it is capable of providing also the
higher chip voltages required for the three-active region lasers [12, 13].
Next, the distribution of the power emitted by each of the 48 lasers of
the bar is compared between the three-active region and the single-active
region device at a pulse current of 940 A and at a mount temperature of
25°C. To this end, the emission of each laser is individually collimated
and detected by a power meter with a photo detector sensor head (Gentec
PH100-SI-HA-OD2-D0 with a Gentec Maestro power meter console).
In Figure 4, it can be seen that the output powers of the emitters dif-
fer significantly which can be attributed to an inhomogeneous current
distribution across the laser bar for both the three-active region and the
single-active region laser bar. The asymmetry of the power radiated by
the outermost emitters (different in magnitude and sign for both types of
lasers) is not generic but possibly caused by the assembly. Despite the
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Fig. 4 Distribution of optical pulse power across all 48 emitters of the laser
bars having single active region and three active regions, respectively, at
mount temperature 25 °C, pulse current 940 A, pulse width 8 ns, repetition
frequency 10 kHz

current distribution, a variation of the width of the current pulses con-
tributes to the change of the pulse power across the laser bar, too. Due
to a temporal delay of the rising edges of the current pulses injected into
the middle emitters, their peak powers are reduced compared to those
of the edge emitters. However, the variation of the pulse width is less
than 10% and thus provides only a small contribution. The power of the
center emitters of the three-active region laser bar is less than 40% lower
than the power of the outer emitters. The corresponding power reduc-
tion of the single-active region laser bar amounts to almost 60% [11],
see Figure 4. The strongly improved homogeneity of the current injec-
tion of the three-active region laser can be attributed to a better relation
between the parasitic line impedance of the supply line and the internal
diode impedance. The series impedance of the emitters is nearly 3 times
higher for the three-active region bar compared to the single-active re-
gion bar. In contrast, the parasitic line resistances are the same for both
types of laser diodes. Thus, the three-active region chip allows for a bet-
ter current spreading across the laser bar.

Lastly, to prove the successful wavelength stabilization of the emis-
sion by the surface Bragg grating in nanosecond pulse operation, the
optical spectrum of all 48 emitters of the DBR laser bar is simultane-
ously analyzed. For that purpose, similar to the investigation of the pulse
shape, the total emission of the DBR laser bar is collected by an in-
tegrating sphere and, by means of a 62.5 pm multi-mode optical fiber,
injected into an optical spectrum analyzer (Yokogawa AQ6375). To al-
low for a higher signal-to-noise ratio, this measurement was performed
with a pulse repetition rate of 100 kHz. At 25°C and a pulse current of
about 740 A, the DBR laser bar features an optical spectrum with a peak
wavelength of 910.65 nm and a spectral width AA,, of around 0.26 nm
(FWHM, resolution bandwidth 0.05 nm), see Figure 5. The modes with
small intensities detected at shorter wavelengths between 908.4 nm and
910 nm originate from a side peak of the reflection spectrum [13]. For
the analysis of the temperature dependence of the emission, the optical
spectrum of the multi-active region DBR laser bar is recorded at 45°C
and also depicted in Figure 5. At 45°C, the peak wavelength is shifted by
1.4 nm to 911.9 nm compared to the measurement at 25°C, correspond-
ing to AAMAT = 68 pm/K, whereas the spectral FWHM of 0.23 nm is
nearly the same. This result proves the successful design of the vertical
waveguide for the third mode so that an excellent wavelength stability
with temperature is achieved.

Summary and conclusions: For the first time, an internally wavelength
stabilized 48 emitter DBR laser bar with three active regions and two
tunnel junctions driven by nanosecond electrical pulses is presented. An
optical power of 2.2 kW within the 8 ns long pulses at a pulse current
of about 1.1 kA and a repetition frequency of 10 kHz is achieved. The
laser bar having three active regions emits a significantly enhanced op-
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Fig. 5 Time-averaged optical spectra at 25°C and 45°C from laser bar
driven with 8 ns pulses with 100 kHz repetition frequency. The pulse current
is 740 A

tical pulse power (factor 2.9) and features a more homogenous power
distribution across the 48 emitters compared to a laser bar with a single
active region. Successful stabilization of the wavelength of the third ver-
tical mode amplified by all three active regions with a 7th order surface
Bragg grating is demonstrated. The optical spectrum collected from all
emitters exhibits a peak wavelength of around 911 nm which could be
easily shifted to 905 nm by adjusting the grating period. The spectral
bandwidth measures at most 0.26 nm (FWHM) and is nearly indepen-
dent of temperature. Thus, the presented 48 emitter DBR laser bar is well
suited for line scanning ToF LiDAR systems where a high pulse power
is needed.
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