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Multimode semiconductor lasers with surface distributed feedback
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Multimode semiconductor lasers with surface distributed feedback (DFB) emitting at a wavelength of 1040 nm

have been developed. The DFB period is 20 µm. This design allows one to abandon the complex technological

processes of two-stage epitaxy and electron lithography. For laser samples with antireflection coatings on both

mirrors, a narrowing of the lasing spectrum to two competing modes located on both sides of the Bragg wavelength

has been demonstrated. Its temperature stability was less than 0.1 nm/K. The presence of competing Fabry−Perot

modes indicates an insufficient value of the coupling coefficient for the samples.
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Introduction

High-power semiconductor lasers are a key element of

cutting-edge industry and digital technology. They have

record high efficiency, reliability, compact size, which gives

them advantages over other sources of laser radiation.

Classical ridge semiconductor lasers with aperture size

100 µm generate optical power of the order of several tens

of watts. At the same time, one of the disadvantages of

semiconductor lasers is a relatively broad and temperature

unstable generation spectrum [1,2]. The width of the laser

generation spectrum and its multimode composition are

due to a small spectral intermode distance and the same

output losses for the longitudinal modes of the Fabry−Perot

resonator with lengths of more than 1mm which are

typical for current high-power lasers. The shift of the

generation spectrum with a change in temperature or pump

current is related to the temperature dependence of the

bandgap width of the active region (quantum well). The

distributed feedback (DFB) formed by periodic modulation

of the dielectric permittivity along the resonator axis is used

to select longitudinal modes of the semiconductor laser

resonator. In standard DFB lasers, the modulation is formed

within the heterostructure layers, and its period corresponds

to the 1−2 order of Bragg diffraction (3 ≈ 150−300 nm for

the generation wavelength λ ≈ 1µm) [3–5], which requires

expensive electron lithography technology and a two-step

epitaxial growth process, which makes the manufacturing

process much more complicated.

Modern approaches in the design of laser heterostructures

emitting in the wavelength range 900−1100 nm [6], have
made it possible to achieve record-low internal optical

losses (αint < 0.5 cm−1), which allowed increasing the

resonator length to values of 3mm and more. This enables

the formation of dielectric permittivity modulation with

a large period while preserving the number of periods.

Increasing the period allows, first, to switch to a simpler

photolithography technology, and second, to form an ohmic

contact within the period between the lattice teeth, which

makes it possible to switch to surface DFB and skip the

two-step epitaxial growth process [7–8].

At the same time, the new design of the surface

DFB requires that its parameters and the design of the

heterostructure be optimised to achieve the necessary

value of the coupling coefficient, which determines the

threshold conditions for the generation of selective modes.

In this study, high order multimode lasers with surface

DFB based on AlGaAs/GaAs/InGaAs heterostructure were

produced. For the obtained samples, generation spectra

were measured at different injection current values and

different temperatures.

Description of the samples

Experimental samples were formed from an Al-

GaAs/GaAs/InGaAs heterostructure grown by MOCVD

epitaxy on a GaAs substrate. The heterostructure consisted

of a waveguide Al0.15Ga0.85As with a thickness of 1.2 µm,

emitters Al0.22Ga0.78As and an active region formed by

a single quantum well In0.27Ga0.73As with a thickness

of 9 nm, providing a maximum electroluminescence at a

wavelength of 1040 nm. The surface DFB was formed by

contact photolithography and reactive ion etching methods.

The period of the DFB was 20µm, and the width of

the etched groove was 1.2µm. An ohmic p-contact was

applied between the grooves (Fig. 1, a). The depth of

the groove corresponded to the position of the waveguide-

emitter heterojunction and was more than 1.9 µm (Fig. 1, b).
The DFB bar was covered by an SiO2 layer to protect

against electrical leakage through the etched layers of the

heterostructure. The width of the strip contact was 100 µm.
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Figure 1. (a) Schematic representation of a distributed feedback (DFB) laser with designations of the heterostructure layers; (b) scanning
electron microscope image of the surface distributed feedback groove.

Samples with resonator lengths of 1, 2, 3, and 4mm with

naturally cleaved faces, with an antireflection coating applied

to one face of the resonator, and with antireflection coatings

on both faces of the resonator were investigated. The

samples were mounted on p-side down copper heat sinks to

measure the performance in continuous wave. The spectra

were measured using a Thorlabs OSA 202 spectroanalyser

with a resolution of 14 pm.

Results of the study

Continuous wave generation spectra were measured for

the obtained samples at different temperatures. For samples

with naturally cleaved faces, both DFB-related modes and

Fabry−Perot modes were observed in the spectra. This

mode competition is due to the low coupling coefficient

of DFB, which causes approximately equal threshold condi-

tions of DFB modes with Fabry-Perot modes. To increase

the generation threshold of Fabry-Perot modes, the sam-

ples with applied antireflective coatings were investigated.

For samples with a single antireflective coating and one

naturally cleaved faces (R1 = 0.05, R2 = 0.32, where R1,

R2 are the reflection coefficients of the output and rear

cavity face, respectively), generation of only DFB modes

was observed at resonator lengths 3mm and more. Two

competing modes with a minimum threshold on opposite

sides of the Bragg wavelength were observed in the spectra.

For these samples, the spectra were measured at different

temperature (Fig. 2). The measurements showed that

the temperature shift of the long-wavelength edge of the

spectrum is less than 0.1 nm/K. The intermode distance

in the temperature range of 12−20◦C does not change

and is 0.19 nm, and then increases dramatically to 0.51 nm,

indicating mode rearrangement and change in the coupling

coefficient.

The temperature dependences of the generation spectrum

were measured in a wider range (Fig. 3) for samples with

two coated cavity faces. As the temperature increased,

the spectrum shifted to the long-wavelength side at the

same rate. When a significant mismatch between the DFB

modes and the gain spectrum of the active region was
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Figure 2. The generation spectra of a DFB laser with one

antireflective and one naturally cleaved cavity faces at different

temperatures, as shown in the figure, at a pump current of

I = 2.5A.

achieved, parasitic generation of very weak intensity Fabry-

Perot −modes was observed. With further temperature

increase, the generation was carried out at the new Bragg

order of the DFB. The distance between the Bragg orders

was 7.3 nm, which agrees well with the calculations. The

intermode distance for the two lowest-threshold modes

for each Bragg order did not change as the temperature

increased, indicating no change in the coupling coefficient.

Thus, multimode semiconductor lasers with surface DFB

emitting at wavelengths on the order of 1040 nm have been

obtained. The competition between DFB and Fabry−Perot

modes indicates that the coupling coefficient is too low for

the formed surface lattice.

In further studies we are going to optimise the laser

heterostructure design to increase the optical confinement

factor of the waveguide mode in the DFB region.

A narrowing of the generation spectrum was demon-

strated for samples with antireflecting coatings. Its tempera-

ture stability was less than 0.1 nm/K. The spectra consist of
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Figure 3. Generation spectra of a DFB laser with both

antireflection coated cavity faces at different temperatures, shown

in the drawing, at pumping currents I = 1.5A.

two competing modes located on either side of the Bragg

wavelength.
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