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Laser diode bars based on AlGaAs/GaAs quantum-well
heterostructures with an efficiency up to 70 %
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Abstract. The results of the development and fabrication of laser
diode bars (A = 800 — 810 nm) based on AlGaAs/GaAs quantum-
well heterostructures with a high efficiency are presented. An
increase in the internal quantum and external differential efficien-
cies together with a decrease in the working voltage and the series
resistance allowed us to improve the output parameters of the semi-
conductor laser under quasi-cw pumping. The output power of the
laser diode bars with a 5-mm transverse length reached 210 W, and
the efficiency was ~70 %.
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1. Introduction

Semiconductor lasers emitting in the spectral range 790— 810 nm
have been widely used in the key fields of science and engi-
neering for a long time. In particular, they are used for optical
pumping of various active media of solid-state lasers, in range
finding and communication systems (navigation, location), in
car and ship manufacturing, and in electronic, optomechani-
cal, and other branches of industry. Improvement of the
parameters of laser diodes, bars, and arrays allowed one to
directly use them for technological purposes, because of
which these sources began to play a more important role in
such fields as materials processing, medicine, and printing
industry.

The significant advance in the creation of high-power
semiconductor lasers discussed in the present work was
achieved owing to the development and upgrade of the
main technological stages of their fabrication including
MOCVD of high-quality quantum-well heterostructures
(HS’s), formation of active elements with a higher radia-
tion resistance of output faces, and assembling of laser
diode bars (LDBs).
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The present work continues the series of studies [1—6]
aimed at increasing the output optical power, efficiency, and
temperature stability of lasers, in particular, of LDBs with
wavelengths of 800—810 nm. The main goals of this work
were to choose the optimal design and the technology of pro-
duction of AlGaAs/GaAs quantum-well HSs and to decrease
the electrical and thermal resistances of active elements in
order to increase the total electrical-to-optical power conver-
sion efficiency.

2. Experiment and results

The semiconductor Al,Ga,_,As/GaAs HS’s with single quan-
tum wells were grown by MOCVD. As an active region mate-
rial in our experiment we used AlGaAs, GaAsP, and
InAlGaAs quantum wells. The waveguide layers had differ-
ent thicknesses (from 0.2 to 1.7 um) and mole fractions of
AlAsin the ternary solid solution Al,Ga; _,As (x=0.25-0.55).
Special attention was paid to doping of waveguide, emitter,
and contact layers to ensure, on the one hand, a low series
resistance of HS layers and, on the other hand, low internal
optical losses. All parameters of the laser HS were optimised
to achieve the maximum total efficiency at the working point,
i.e., at pump currents corresponding to the required power
and wavelength. In addition, it was important to avoid a
sharp decrease in the efficiency after passing the maximum
(especially at pump currents , ~ 101y,), because of which,
apart from a high external differential efficiency of the laser
HS, a particular attention was paid to achieving a low series
resistance of the laser.

From the well-known equation relating laser efficiency to
pump current, threshold current, cutoff voltage, series resis-
tance, and internal efficiency, which is determined by the cav-
ity parameters and internal losses [7],
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we can obtain the following equation for the pump current
corresponding to the maximum efficiency:
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Then, at the LDB contact width W = 100 um, the cavity
length L = 1000 um, the LDB transverse length /; pg = 5 mm,
as well as at typical threshold currents I, = 12—14 A, cutoff
voltage Vy=1.54—1.60 V, and series resistance R, = 3—4 mQ,
we obtain /;,,,, ~ 80—-90 A. If needed, I,,,, can be decreased,
for example, to 60-70 A, by decreasing L or W. Vice versa,
to shift this parameter to larger values, for example, to
110—120 A, one should increase L or W. In our case, the laser
optimisation and the choice of the mentioned parameters
were performed so that the working pump current was
~95-100 A.

One of the first steps in the creation of epitaxial HS’s in
this work was to choose the design and growth technology of
the active quantum-well region, which, for emission in the
given spectral range, was based on AlGaAs, InAlGaAs, and
GaAsP. On the whole, the best parameters were demonstrated
by the best studied and reliable AlGaAs quantum wells,
although in a series of experiments they were inferior in some
parameters to lasers with compressively strained InAlGaAs
and tensile strained GaAsP quantum wells (threshold current,
slope of the light—current characteristic, or ultimate output
power). The thickness, composition, and growth regimes of
the quantum-well material were selected so that it had the
lowest transparency threshold and an internal quantum effi-
ciency close to 100 %.

In previous studies [5, 6], we experimentally demonstrated
an advantage of deep quantum wells, as well as of narrow
(0.2-0.4 pum) waveguides compared to broadened ones
(1.5-2.5 um), which concludes in a better temperature stabil-
ity of the parameters of bars operating at high pulsed currents
in a wide temperature range (from —40 to +50°C). The char-
acteristic temperature 7y of lasers based on HS’s with a nar-
row waveguide was higher than the characteristic tempera-
ture of lasers with a broadened waveguide [6].

However, we also should mention the drawbacks of HS’s
with a narrow waveguide. The ultimate output power of
lasers based on these HS’s is noticeably lower than that of
lasers made of HS’s with a broad waveguide. In addition, the
fundamental mode field deeply penetrates into the doped
emitter layers, which leads to an increase in the internal opti-
cal losses on free charge carriers. In this case, the injection
layers should be sufficiently thick (1.5-2.0 um) to efficiently
keep the fundamental mode field and prevent its penetration
into contact layers [8]. At the same time, the epitaxial layers
should not be too thick, because this can reduce heat removal
from the active region.

Taking into account the advantages of HS’s with narrow
and broadened waveguides, in the present work we pro-
posed a HS with an intermediate waveguide thickness
(0.6—1.0 pm). Owing to the quantum well with an increased
energy depth and to the corresponding decrease in the prob-
ability of delocalisation of charge carriers at high pump cur-
rents (as described in [5, 9]), these HS’s retained a good tem-
perature stability of threshold current and external differen-
tial efficiency, while a slight broadening of the waveguide
led to an increase in the ultimate output power and a
decrease in the internal optical losses (to 0.7 cm™!). The
simultaneously proposed profiled doping of waveguide lay-
ers and strong doping of the emitter and contact layers
allowed us to decrease the cutoff voltage and the series resis-
tance of the laser [10].

We performed corresponding modifications in fabrication
of active elements and formation of low-resistance contacts,
as well as increased the radiation resistance of the output

faces, which affects the ultimate characteristics of developed
sources.

Stripe active elements (30 pieces) with an emitting region
width of about 120 um were formed on a length of 5 mm. The
filling factor, i.e., the ratio of the total width of laser channels
to the total length of the LDB was 72%. To increase the ulti-
mate power, we used a scheme with non-pumped cavity
regions near the mirrors [11].

Semiconductor lasers with a high output optical power
density require special treatment of emitting surfaces in order
to decrease the nonradiative recombination rate at the inter-
face between the semiconductor crystal and the optical coat-
ing. In the present work, we used ion treatment of the emit-
ting face in a vacuum chamber of the evaporation system
directly before the deposition of the optical coating. The
reflection coefficients of the input and output mirrors were
R;=0.05-0.10 and R, = 0.95-0.99, respectively.

Owing to the high doping level of the contact layers, the
ohmic contacts were made using a combination of metal films
Ti—Pt—Au, which was successfully used to develop high-
power semiconductor devices [12]. As a result, the cutoff volt-
age for the LDB turned out to be close to the theoretical value
(Vo = 1.54—1.56 V), and the series resistance R, was about
2-3 mQ (Fig. 1).
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Figure 1. Typical current—voltage characteristic of the LDB (/; pg =
S mm).

The laser diodes were soldered with Ag-Sn and Au-Sn
eutectic solders on CuW heat sinks, whose thermal expansion
coefficient is close to that of GaAs. The achieved output opti-
cal powers of the developed and fabricated LDBs operating
under quasi-cw pumping (7pyse ~ 200 Us, fouse ~ 20 Hz) were
200-210 W at /; pg = S mm and up to 400 W at /; pg = 10 mm.
The slope of the light—current characteristics shown in Fig. 2
was 1.3—1.35 W A~! at the initial stage and slightly decreased
(to 1.2-1.25 W A™") as the pump current approached
100-200 A.

The LDB was designed so that the efficiency maximum
(Fig. 3) was observed at the pump currents /, &~ 95-100 A,
which ensured the required level of the output power. As a
result, the efficiency for most samples was 65%—-68% and
reached 70% for the best samples. The threshold pump cur-
rent at 20°C was 13—14 A and slightly increased as the envi-
ronmental temperature increased to +50°C. The parameter
Ty, which characterises this temperature sensitivity, was
~110 K.

Along with the total efficiency, the temperature of the
LDB active region is an important characteristic determining
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Figure 2. Typical light—current characteristic of the LDB (/.pg =
5 mm).
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Figure 3. Dependence of the LDB efficiency on the pump current
(ILpg = 5 mm).

the efficiency of control of thermal processes in the laser
scheme. This temperature can be calculated from the wave-
lengths A4,,,x measured in the single-pulse and steady-state
regimes (Fig. 4). In our case, the active region temperature
exceeded the heat sink temperature by only 3°C. The calcu-
lated thermal resistances of the LDB were ~0.1-0.2 K W,
The lifetime tests of the bars demonstrated stable operation
for 103—10° pulses without degradation of the output para-
meters.
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Figure 4. Wavelength (1,,,¢) of the 5-mm LDB in (/) single-pulse and
(2) steady-state regimes.

Thus, in the course of optimisation of the scheme and the
fabrication technology of the lasers emitting in the range of
800—810 nm, we have developed and grown AlGaAs/GaAs
quantum-well heterostructures with a high differential effi-
ciency and low optical losses, proposed an improved scheme
of the active element with low contact resistances, and devel-
oped a technology of assembling laser bars with efficient heat
removal. The output optical power of 5-mm bars reached
210 W, and the efficiency was ~70%.
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