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The influence of waveguide doping on the output characteristics

of AlGaAs/GaAs lasers
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Abstract. The influence of doping of waveguide layers on the out-
put characteristics of lasers based on AlGaAs/GaAs double sepa-
rate-confinement heterostructures is analysed. The heterostruc-
tures with narrow and broadened waveguides are studied. Samples
of laser diode bars with undoped and doped waveguide layers are
experimentally fabricated and compared. It is shown that the latter
type of structures with a broadened waveguide allows one to
increase the output power of the laser diode bars by 10 % —15 %, all
other conditions being equal.
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1. Introduction

At present, an important field of application of semiconduc-
tor laser diodes (LDs) is diode pumping of solid-state and
fibre lasers, which makes it possible to considerably increase
the efficiency of pumped lasers and decrease their mass-
dimensional characteristics and energy consumption. These
LDs should emit at wavelengths within the absorption band
of the active medium and have a high output power and effi-
ciency. In particular, LD bars and arrays based on AlGaAs/
GaAs heterostructures and emitting in the region of 808 nm
are widely used for pumping of YAG:Nd 3" lasers.

Double separate-confinement heterostructures with one
or two quantum wells are traditionally used in LDs. Higher
output powers were achieved from laser diodes with a broad-
ened waveguide allowing a decrease in the internal optical
losses and, hence, an increase in the differential quantum effi-
ciency. To decrease scattering from free carries, the wave-
guide layers of these laser diodes, as a rule, are not specially
doped [1-3]. The maximum optical power in this case is lim-
ited mainly by scattering from free carries accumulated in the
waveguide region adjacent to the p-emitter (the role of the
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other mechanisms of the output power saturation is notice-
ably less important) [4, 5]. At the same time, the low concen-
tration of carriers in waveguide layers can lead to an increase
in the diode series resistance and, as a result, to an increase in
the heat release, which decreases the laser efficiency and limits
the maximum achievable output power. This effect is espe-
cially pronounced in the p-type layers [6, 7]. Moreover, the
authors of [8] noted an increase in the cutoff voltage of the
current—voltage characteristic (CVC) with increasing wave-
guide thickness, which also negatively affects the efficiency
and temperature characteristics of LDs. The negative effect of
a broadened undoped waveguide is especially pronounced in
multielement devices with intense heat release (LD bars and
arrays), which makes it necessary to revise downwards the
optimal thicknesses of waveguide layers for some or other
applications, especially for waveguide layers adjacent to the
p-emitter [7, 9—14].

In this situation, one of the ways to use the advantages of
broadened waveguides in multielement lasers is to produce
laser heterostructures with doped waveguides. In this case,
one should use profiled doping at a relatively low level
(10'°~10'7 cm~3), which makes it possible to decrease the
cutoff voltage of the CVC and decrease the diode series
resistance with only a slight increase in internal optical
losses [15, 16]. It was additionally noted in [4] that an
increase in the p waveguide doping level causes a decrease in
the current leakage and suppression of the light—current
characteristic (LCC) saturation. This approach was tested
when creating LDs emitting at wavelengths from 800 to
1550 nm [7, 16—20]. In each case, the proposed doping pro-
files of waveguide layers varied depending on the chosen
material system and the design of the laser heterostructure
as a whole.

The present work is devoted to the study of the influence
of doping of waveguides with different thicknesses on the out-
put characteristics of AlGaAs/GaAs LD bars emitting in the
region of 808 nm.

2. Experiment and discussion of its results

The AlGaAs/GaAs quantum-well separate-confinement het-
erostructures were grown by MOCVD. The active region
contained one quantum well surrounded by Alj,GageAs
waveguide layers, which provided a high quantum efficiency
of the LD bars [9]. The AlGaAs waveguide thickness varied
from 0.3 to 1.5 um. We studied samples with specially
undoped [(1-5)x 10" ecm~3] and doped [(5-10) X 10’6 cm~]
waveguide layers. In the latter case, the waveguide layers
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adjacent to the n- and p-emitters were doped with donor and
acceptor impurities, respectively. We used profiled doping,
i.e., the impurity concentration in the waveguide increased in
the direction from its boundary with the active layer to the
boundary with the emitter layer. From the grown hetero-
structures, we fabricated LD bars 0.5 mm long with a filling
factor of 0.7. The cavity faces were coated with antireflection
and high-reflection coatings with reflection coefficients Ry ~
0.05 and R, ~ 0.95, respectively. The LD bars were mounted
on a copper heat sink, and their output characteristics were
studied in a quasi-cw regime (200 pus, 20 Hz) at a heat sink
temperature of 25 °C.

In many practical cases, the waveguide layers of LDs
are specially undoped to achieve a low level of optical
losses. It was demonstrated that the maximum achievable
output power of lasers, including those emitting at a wave-
length of 808 nm, increases with increasing the waveguide
thickness [21 —23]. At the same time, it was noted in [9, 13,
24] that the geometry of laser heterostructures with a nar-
row waveguide or waveguide layers with a decreased thick-
ness adjacent to the p-emitter is preferable for creating LD
bars. In these cases, heat removal from the active region is
more efficient, which is especially important for multiele-
ment LD bars and arrays.

Figure 1 shows the light—current characteristics (LCCs)
of LDs with undoped waveguides 0.3, 0.7, and 1.5 pm in
thickness operating in a quasi-cw regime. One can see that an
increase in the waveguide thickness is accompanied with an
increase in the threshold current and a decrease in the differ-
ential quantum efficiency of the LDs. The most pronounced
decrease in the LCC slope is observed for the sample with a
1.5-um waveguide, while the samples with waveguide thick-
nesses of 0.3 and 0.7 um have similar LCC slopes.
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Figure 1. LCCs (200 ps, 20 Hz) of LD bars with undoped waveguides
with thicknesses of (/) 0.3, (2) 0.7, and (3) 1.5 um.

It is convenient to present the dependence of the LD out-
put optical power on pump current / in the form [25]

Uext T
im%(l_lth)a (1)

P=n
where 7; is the internal quantum yield, a.,, is the external opti-
cal loss, ¢; is the internal optical loss, ¢ is the electron charge,
hv is the photon energy, and /I, is the threshold current, while
waveguide broadening should lead, in addition to an increase

in Iy, to a decrease in ¢; [26] and #; [27]. A decrease in «; will
cause an increase in the differential quantum efficiency and,
vice versa, a decrease in #; will decrease this efficiency. As a
result, the LCC slope will be determined by the opposite con-
tributions from the aforementioned parameters and, hence,
will strongly depend on the laser heterostructure configura-
tion. Under our experimental conditions, the increase in the
waveguide thickness from 0.3 to 0.7 um caused no noticeable
decrease in the LCC slope at the initial stage. At the same
time, the waveguide broadening decreases the optical power
density on the output mirror, which makes it possible to post-
pone the catastrophic optical degradation of mirrors and
achieve a higher output power. The sample with a narrow
waveguide (0.3 um) has a higher ¢; but lower series and ther-
mal resistances, which allows retention of its LCC slope up to
rather high pump powers. However, at currents exceeding
100 A, the optical losses in this LD bar begin to grow and the
output power begins to saturate. The waveguide broadening
to 1.5 wm results in an even more pronounced decrease in the
optical confinement factor in the active region, which
increases I, and, in combination with an increase in the series
electrical and thermal resistances of the emitter, leads to a
more considerable decrease in the LCC slope.

As a rule, single high-power LDs operate at pump cur-
rents exceeding the threshold current by tens (20-30) of
times. Under these conditions, the difference between the
threshold currents of lasers with narrow and broadened
waveguides becomes insignificant. The situation consider-
ably differs in the case of LD bars, for which the typical
excess of the working current over the threshold current is
considerably lower, usually 5—10 times. Because of this, LD
bars with a broadened waveguide, which have even lower
optical losses but a higher temperature load due to increased
series electrical and thermal resistances, may fail to provide
a desired high output power at such low working currents.
At the same time, doping of broadened waveguides can
allow one to decrease the series resistance and, hence, heat
release, which should have a positive effect on the output
laser characteristics [6, 7—16, 20, 28]. Due the low mobility
of holes, doping of the waveguide layer adjacent to the
p-emitter is especially important. Doping of waveguide lay-
ers with an adequate choice of its level and profile allows
one to restrict an increase in the optical losses and achieve
higher output power and efficiency. Moreover, doping of
waveguides reduces current leakage in them [29], which
increases the differential quantum efficiency.

The LCCs for LD bars with broadened undoped and
doped waveguides are compared in Fig. 2. We used LD
bars with waveguides 0.7 um in thickness. This makes it
possible, on the one hand, to decrease the internal optical
losses in comparison with the losses in a narrow (0.3 wm)
waveguide and, on the other hand, only slightly increase
the series and thermal resistances. The average doping level
of waveguide layers was ~8 X 10'© cm=3. The LCCs of the
LD bar with a doped broadened waveguide are noticeably
better first of all due to a higher efficiency at high pump
currents. Lasers with a broadened waveguide are charac-
terised by accumulation of carriers in the p region of the
waveguide, which increases the internal optical loses [30].
Doping reduces this effect.

Figure 3 shows the LCCs of LD bars with broadened
doped and narrow undoped waveguides. As was expected, the
LD with a broadened waveguide has a higher threshold cur-
rent (this agrees with Fig. 1), but doping of the waveguide
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Figure 2. LCCs (200 ps, 20 Hz) of LD bars with broadened (0.7 um) (/)
doped and (2) undoped waveguides.

enabled us to increase the differential quantum efficiency of
the bar, while this efficiency for LDs with undoped wave-
guides demonstrated no increase with increasing waveguide
thickness. The doped LDs exhibit a weaker band bending in
the waveguide region and, hence, a smaller accumulation of
carriers and lower optical losses.
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Figure 3. LCCs (200 ps, 20 Hz) of LD bars with (/) broadened (0.7 pm)
doped and (2) narrow (0.3 pum) undoped waveguides.

As a result, we can conclude that, similar to other
approaches to increasing the power of LD bars, the use of
doped waveguides with an increased thickness makes it pos-
sible to find a balance between the local advantages of nar-
row and broadened waveguides for creating highly efficient
lasers. In particular, heterostructures with doped wave-
guides allowed one to create LD bars with efficiencies
exceeding 70% [31] and LD arrays with efficiencies exceed-
ing 60 % [32].

Thus, our investigations of the influence of waveguide
doping on the output characteristics of LD bars based on
AlGaAs/GaAs heterostructures showed that the use of mod-
erately doped waveguide layers [(5-10) X 10'® cm~3] allows
one to implement the broadened waveguide advantages and

to increase the output power of LD bars by 10%—15% with
the other conditions being the same.
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