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Abstract. The heterostructure design has been optimized to achieve high radiation output
power and high conversion efficiency of 970—980 nm laser diodes. The influence of active layer
geometry and waveguide layer doping on the output electrical and optical LD chip parameters has
been studied. As a result of the optimization, operating LD output of 11.6 W has been achieved
at a current of 12 A. The maximum conversion efficiency was 65% at a pump current of 5A.
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AnHotanusa. C IIe/IbI0 TOCTMIKEHUST BBICOKOM BBIXOJAHOW MoIIHOCTH u3nydeHus u KIT
JIa3epHBbIX JAUOJOB CIleKTpajbHOro pauamnazoHa 970—980 HM npoBeaeHa ONTUMU3ALMS
KOHCTPYKIIMK TeTepOCTPYKTYpHl. [IpM onNTUMU3aUKM MCCIIEIOBAHO BIUSIHAE T€OMETPUUICCKUX
ImapaMeTpoB CJIO€B AaKTUBHON 00JacTW, a TakKXkKe JICTMPOBAHMS BOJHOBOOHBIX CJIOCB
FeTePOCTPYKTYPbl HA  BBIXOAHBIE 3JICKTPOOINTHYECKME XapakKTepucTuku yunoB JIJI.
IIpoBeaeHHas1 ONTUMU3ALIMS TO3BOJIMIIA JOCTUYDL PAOOUYYI0 BHIXOJHYIO MOILIHOCTb M3JIydyeHUs
nasepHbix auogoB 11,6 Bt npu toke 12 A. MakcumanbHbiii KITJ npu aTom coctaBun 65%,
Mpy TOKE HaKayku jazepa 5 A.
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Introduction

Laser diodes (LDs) based on InGaAs/AlGaAs/GaAs with radiation wavelength A_, = 975 nm
are widely used for fiber laser pumping. Specific requirements to heterostructure (HS) design are
imposed by high optical output and operation modes of such lasers. The ways to improve LD
output are intensively investigated by domestic and foreign scientific communities [1—3] while
heterostructure design is constantly refined. Thus, output power is increased by 1) optimizing
quantum well (QW) parameters, and 2) doping profile of HS waveguide layers. Therefore, the
research aimed at optimizing the HS design with an extended waveguide is of high interest since
it allows achieving high optical output and high conversion efficiency of LD chips.

Materials and Methods

For the research, InGaAs/GaAs/AlGaAs HSs were grown by MOCVD. The HS design for
samples 1—8 is presented in Table.

Table
Design and composition of HS layers
Layer Composition Thickness
n-substrate GaAs(001) 625+25 um
buffer GaAs:Si 1-2 um
n-cladding Al XGa(1 75~xHAS3Si 1.5 um
waveguide Al Ga, As 1.2 pm
active region In Ga, As/(Al)GaAs 5-9 nm /10 nm
waveguide Al Ga, As 0.5 pm
p-cladding Al Ga 750148120 1.0 pm
contact p-layer GaAs:Zn 0.15-0.20 um

The samples 1—8 were used to manufacture LDs with a cavity length of 4 mm and an
emitting stripe width of 100 um using the developed planar technology. The LD chips end facets
were anti-reflective and reflective coated. The LD chips were soldered p-side down on a heat-
conducting submount with vacuum Au-Sn eutectic solder coating. Light-current and voltage-
current characteristics of LD chips were measured using the equipment for electrical and optical
measurements in CW laser generation mode at the currents from 0 A to 12 A.

Results and Discussion

At the first stage of the work, the effect of QW thickness, d, and QW number on the LD chip
output power, P, was investigated. Heterostructures with a single QW were grown with varying
QW thickness from 5 nm to 9 nm. In those experiments with varying QW thickness, In molar
fraction was selected so that the peak photoluminescence (PL) wavelength for a heterostructure
would be 955 = 2 nm at normal conditions. The above PL wavelength allows obtaining the
radiation wavelength A_, = 975 & 1 nm for LD chips in CW laser generation mode at the currents
of 10—12 A. The dependencies of P _on QW thickness and QW number are shown in Figure 1.

Figure 1 shows that P = 8.7 "W was reached for the LD chips with a QW thickness of
6.0 nm. The radiation output decreased with varying the QW thickness. Note that the obtained
optimal QW thickness agrees with the data in [4] where the dependency of internal quantum HS
photoluminescence output on QW thickness was studied. The radiation output decreased from
8.6 W down to 8.0 W with double quantum well 6 nm thick due to the increase in the threshold
current density, J, , from 125 A/cm? up to 180 A/cm?. Therefore, the HS design should contain

ho
a single QW with "a thickness of ~ 6 nm to achieve high radiation output.

© EpuwioB E.B., ®omun A.B., Jlynaues M.B., PoraukoB O.A., Haiinun A.A., 2024. Uspnatenn: Cankr-IletepOyprekuii
rnosMtexHuueckuit ynusepcuret [lerpa Benukoro.
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Fig. 1. Optical absorption spectra before and after etching of soda-lime glass after vacuum thermal
poling and silver-for-sodium ion exchange

At the second stage, the effect of QW energy depth on the LD output characteristics was
studied. For this, HS samples with an extended undoped waveguide were grown with varying Al
molar fraction in (Al )Ga,_ As barrier layers from 0% to 20%. Those were grown with a single QW
6 nm thick to maintain high radiation output.
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Fig. 2. Light-current characteristics of the LD chips from HSs with different Al molar fractions in
InGaAs/(Al )Ga,_ As barrier layers of the active region

The measured light-current characteristics (Fig. 2) show that P _of 10.1 W was achieved for
the LD chips with Al molar fraction of 10% at a current of 12 Al Bemdes saturation of light-
current characteristics was observed for all LDs preventing radiation output from growing further.
At that, the operating voltage, U, was 1.88 V at a current of 12 A. Saturation of light-current
characteristics and high values of voltage-current characteristics are typical for LD chips with an
extended undoped waveguide. Such waveguide design enables reducing internal optical loss, thus,
increasing differential quantum efficiency, and allows using lasers with an extended cavity length.
Moreover, HSs with an extended waveguide induce the decrease in laser radiation density on the
cavity mirrors while shifting down the threshold of critical optical degradation of the mirrors.
However, the extended undoped waveguide increases both thermal and electrical series resistance
of the structure, thus, resulting in the increase in heat release, which affects laser conversion
efficiency and constrains their maximum achievable output [5].

Additionally, the influence of doping HS waveguide layers on LD light-current and voltage-
current characteristics was investigated to reduce thermal and electrical series resistance. For this,
HS samples with Al  Ga ,As barrier layers were grown where the waveguide regions adjacent
to n-cladding and p-cladding were doped with Si and Zn, respectively. The waveguide region
adjacent to the quantum well remained undoped to keep the optical loss below 1 cm™'. The zone
energy diagram of such an HS is given in Figure 3.
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Fig. 3. Zone diagram of a doped-waveguide heterostructure

The measured light-current characteristics (Fig. 4, @) for the LD chips manufactured from
doped-waveguide HSs showed the increase in the output power, P, up to 11.6 W at an operating
current of 12 A. No saturation of light-current characteristics within an operating current range
from 1 A to 12 A was observed. The voltage-current characteristics (Fig. 4, ) showed the decrease
in the operating voltage, U, from 1.88 V down to 1.74 V at an operating current of 12 A for
doped-waveguide chips. The LD chip conversion efficiency was 56% at an operating pump
current of 12 A. The maximum conversion efficiency of 65% for the LD chips manufactured from
doped-waveguide HSs was achieved at 5 A.
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Fig. 4. Light-current and voltage-current LD chip characteristics manufactured from HS with doped
and undoped waveguide layers

Conclusion

The HS design with an extended asymmetric waveguide has been optimized to obtain high
radiation output power and high conversion efficiency of 970—980 nm LD chips. The influence
of HS layer doping and the geometry of active-region layers on electrical and optical LD output
characteristics has been investigated. As a result, the LD operating output power of 11.6 W at
a current of 12 A. The maximum conversion efficiency of 65% have been achieved at a current
of 5 A. It should be noted that authors of [5] achieved maximum conversion efficiency of 70—72%
due to doping and decreased molar fraction of aluminum in AlGaAs waveguide layers.
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