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Abstract.  High-power semiconductor laser systems based on 
1.5 – 1.6 mm single-frequency distributed feedback (DFB) lasers with 
a sidewall Bragg diffraction grating are developed and their cur-
rent – voltage, light – current, and spectral characteristics are experi-
mentally studied. The characteristics of conventional lasers with a 
Fabry – Perot cavity and DFB lasers fabricated from one and the 
same heterostructure are compared. At a pump current not exceeding 
700 mA, a conventional laser with a cavity length of 1.6 mm and a 
mesa-stripe width of 3 mm emits a power no lower than 200 mW ver-
sus 150 mW of the DFB laser; both lasers are mounted in a housing 
11 mm in diameter. The DFB laser mounted in a butterfly housing 
emits a power no lower than 100 mW at the exit of the single-mode 
cable at a pump current not exceeding 500  mA, which, at a 60 % 
coupling efficiency, corresponds to a power no lower than 165 mW; 
the side-mode suppression ratio in this case is no lower than 53 dB. It 
is shown that the wavelength deviation with changing pump current 
and temperature is almost an order of magnitude lower for the DFB 
laser than for the conventional laser.

Keywords: single-frequency DFB lasers, current – voltage, light – cur-
rent, and spectral characteristics, wavelength 1.5 – 1.6 mm, Bragg 
grating.

1. Introduction

At present, interest in high-power single frequency distributed 
feedback (DFB) lasers emitting in the wavelength range 
1400 – 1600 nm has sharply increased. These lasers are widely 
used in telecommunications, coherent fibre-optic communi-
cation lines with wavelength division multiplexing, fibre-optic 
sensors, high-resolution laser spectroscopy, frequency stan-
dards, scientific engineering, etc.

Takaki et al. [1] considered 1.55 mm lasers for communica-
tion systems with wavelength division multiplexing and for 
transmission of cable television signals. The laser structures 
comprising a buried heterostructure (BH) based on the 
InGaAsP/InP were grown by MOCVD (stripe contact width 

2 mm, crystal length 400 – 800 mm). At a cavity length of 
800 mm and an output power not exceeding 100 mW, the laser 
linewidth was 0.8 MHz and the relative intensity noise (RIN) 
was less than –160 dB Hz–1.

The lasers for analogue signal transmission described in 
[2] had a side mode suppression ratio (SMSR) exceeding 
50 dB, a maximum output power of 130 mW, and a RIN 
below –160 dB Hz–1 in the frequency range 0.4 – 20 GHz. The 
laser radiation was coupled out using a polarisation-main-
taining fibre.

Huang et al. [3] reported on the development of a 1550 nm 
laser with an output power of 140 mW at a pump current of 
400 mA with a RIN below –161 dB Hz–1 and a narrow (below 
155  kHz) radiation line. According to this work, this laser 
can be used for signal transmission in communication lines up 
to 100  km long. The operation time of the laser exceeded 
8800 h with an increase in the pump current no larger than 
10%. The extrapolated lifetime of the laser at a temperature of 
25 °C was 28.3 years at an activation energy of 0.8 eV.

The BH lasers considered in [4] had an output power of 
200 mW at a RIN not exceeding –165 dB Hz–1 and an SMSR 
above 50 dB. It was shown that the BH lasers have a consider-
ably lower noise and a wider range of modulation frequencies 
than ridge lasers.

High-power low-RIN directly modulated 1.55 mm lasers 
for analogue signal transmission were considered in [5]. The 
output laser power was 140 mW at a pump current of 550 mA, 
a RIN of –157 dB Hz–1, and an SMSR exceeding 55 dB. The 
modulation band exceeded 7 GHz and the slope efficiency 
was 0.34 W A–1 at a pump current of 350 mA, a stripe width 
of 3.5 mm, and a crystal length of 1 mm. The active region of 
the laser contained nine undoped quantum wells.

A 1.55 mm DFB laser with a sidewall diffraction grating in 
the AlGaInAs/InP system was developed in [6]. Stable single-
mode operation of the laser with an SMSR exceeding 45 dB 
was demonstrated. The operation of a similar laser in the 
InGaAs/GaAs/AlGaAs system was considered in [7].

To achieve selective feedback in a laser, it was proposed 
in [8] to form in one of the emitters a deep (about 3 mm) dif-
fraction grating with a long (2  mm) period, which corre-
sponds to the maximum reflection coefficient in the 12th dif-
fraction order. These gratings have been created.

In the present work, we report on the development of a single-
frequency ridge laser with a side (laterally coupled) first-order dif-
fraction grating for the emission wavelength of 1.5 – 1.6 mm similar 
to the lasers described in [5, 6]. The diffraction grating was fabri-
cated using electron-beam lithography at the V.G. Mokerov 
Institute of Ultrahigh Frequency Semiconductor Electronics, 
Russian Academy of Sciences, while the growth of the hetero-
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structures (HS’s), fabrication of the active element, assembling of 
the lasers, and the study of their parameters were performed at 
OJSC M.F. Stel’makh Polyus Research Institute.

The DFB laser fabrication process usually includes two 
cycles, namely, the growth of the required HS and the profil-
ing of the Bragg grating [9]. To complete the fabrication of a 
laser structure, it is necessary to cover the open grating sur-
face by a semiconductor material using epitaxial overgrowth, 
which is related to some technological problems leading to 
defect formation. These disadvantages can be avoided by 
using a technique similar to that used in [5, 6], which is based 
on the fabrication of a longitudinal Bragg grating located on 
the active region sides and optically coupled with this region. 
The growth of heterostructures, the geometry of layers, and 
the results of investigation of the current – voltage (I – V ), 
light – current (L – I ), and spectral characteristics of conven-
tional high-power 1.5 – 1.6 mm semiconductor lasers with a 
Fabry – Perot cavity are described in detail in [10].

In the present work, we formed on the grown HS a 
2.5 – 3 mm-wide mesa-stripe with the etching depth not reach-
ing the waveguide layer by 0.15 mm (the active region was not 
etched). Then, to the right and left from the mesa-stripe, we 
formed a first-order Bragg grating by electron-beam lithogra-
phy with a l/4 shift and a period in the range 230 – 250 nm 
depending on the HS parameters. The average period accu-
racy was 0.1 nm, and the coherence in the groove pattern was 
retained at a distance no less than 10 mm. The grating etching 
depth varied from 60 to 250 nm.

Next, we performed standard fabrication of the active 
laser element, which included deposition of dielectric layers, 
photolithography, metallisation, etc. As an insulating layer, 
we used a silicon nitride film. The DFB laser cavity length was 
1.6  mm. The plane-parallel cavity faces were coated with 
reflection and antireflection films with reflection coefficients 
of ~100 % and 5 %, respectively. An electron microphoto-
graph of the heterostructure with a mesa-stripe and a Bragg 
grating is shown in Fig. 1. The laser diode (LD) characteris-
tics were measured from the cavity face with the 5 % reflec-
tion. We used no any methods of suppression of parasitic 
feedback due to reflection from faces. All devices were 
mounted the active region up. The laser diode crystals in 
housings 11 mm in diameter were soldered on a copper heat 
sink, while the diodes in butterfly housings were soldered on 
a copper – tungsten thermal compensator.

2. Characteristics of conventional 
and DFB lasers

To calculate the grating period, it is necessary to know the 
lasing wavelength of the laser fabricated from the grown HS, 
because accompanying documents usually give the wave-
length only of electroluminescence. Therefore, HS’s are usu-
ally divided into four parts, one of which is spent on the fab-
rication of a conventional mesa-stripe laser. After determina-
tion of the lasing wavelength and calculation of the grating 
period, the remained part of the HS is used for fabrication of 
a DFB laser. It is interesting to analyse how the characteris-
tics of conventional lasers and lasers with diffraction gratings 
made of one and the same HS change with temperature. The 
lasers of both types were installed in housings 11 mm in diam-
eter and mounted on a heat sink, whose temperature was con-
trolled by an electronic circuit [10]. The results presented 
below correspond to the temperature range 20 – 50 °C.

Figure 2 shows the I – V and L – I curves of conven-
tional and DFB lasers. Comparison of the L – I curves 
given in Figs 2a and 2b shows that the scatter in the char-
acteristics of the DFB laser with temperature is considerably 
smaller than that of the conventional laser, but the maximum 
output power of conventional lasers is higher. The output 
power of the conventional laser at a temperature of 20 °C and 
pump current I = 700 mA exceeds 200 mW, while the power 
of the DFB laser reaches only 150 mW. The slope efficiency in 
the range 20 – 50 °C is 0.34 – 0.4 and 0.22 – 0.3 mW mA–1 for 
the conventional and DFB lasers, respectively. It is also nec-
essary to note a decrease in the lasing threshold of the DFB 
laser with respect to the conventional laser.
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Figure 1.  Electron microphotograph of a heterostructure with a mesa-
stripe and a Bragg grating. The inset shows the grating cross section.
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Figure 2.  Current – voltage and light – current characteristics of (a) con-
ventional and (b) DFB lasers for temperatures of 20, 30, 40, and 50 °C.
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Comparison of the I – V curves of the lasers shows that, 
despite many additional technological operations involved 
in the fabrication of DFB lasers, the DFB laser voltage is 
only slightly higher than that for conventional lasers. The 
dynamic resistances of conventional and DFB lasers are 
approximately identical and equal to 1 W at the working 
point 500 mA.

Figure 3 presents the dependences of laser wavelength l 
on pump current I in the temperature range 20 – 50 °C for the 
conventional and DFB lasers. As the lasing wavelength of 
the conventional laser, we used the wavelength correspond-
ing to the maximum of the laser spectrum. One can see that 
the temperature dependences of the wavelengths of these 
lasers are considerably different. Calculations yield D l/D I = 
0.032 nm mA–1 and D l/DT = 0.67 nm °C–1 for the conven-
tional laser, while the corresponding values for the DFB laser 
are D l/D I = 0.0043 nm mA–1 and D l/DT = 0.09 nm °C–1, 
i.e., almost an order of magnitude lower.

The laser spectra were measured using an AQ6319 opti-
cal analyser (Yokogawa) with a spectral resolution of 
0.1 Å. The laser spectrum (on a linear scale) of the conven-
tional laser at a pump current of 500 mA is presented in 
Fig. 4a, which demonstrates that the spectrum consists of 
many modes. Figure 4b shows the DFB laser spectrum on 
a logarithmic scale at a current of 500 mA as well. One can 
see that the spectrum consist of one mode and the SMSR is 
~55 dB. As SMSR, we took the ratio between the lasing 
mode amplitude and the maximum amplitude of the closest 
mode to the right or left of the lasing mode. Comparison of 
these spectra shows the advantage of the DFB lasers over 
conventional ones.

Figure 5 presents the dependences of SMSR on the pump 
current within the temperature range 20 – 50 °C for two dif-
ferent DFB lasers made of one and the same HS. One can 
see that an increase in temperature to 50 °C leads to a decrease 
in the SMSR for the laser in Fig. 5a and, vice versa, to an 
increase in the SMSR for the laser in Fig. 5b. We failed to 
explain the reasons for this difference in the behaviour of the 
lasers.

The measurements of the angular beam divergence for the 
conventional laser at a temperature of 20 °C and a power of 
50 mW showed that the beam divergence is 46.5° in the plane 
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Figure 3.  Dependences of the wavelength of conventional and DFB 
lasers on the pump current in the temperature range 20 – 50 °C.
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Figure 4.  Spectra of the (a) conventional laser on a linear scale and 
(b) DFB laser on a logarithmic scale at a pump current of 500 mA.
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one and the same heterostructure on the pump current in the tempera-
ture range 20 – 50 °C.
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perpendicular to the p – n junction and 8.7° in the plane parallel 
to the p – n junction. These values for the DFB laser are 45.6° and 
10.6°, respectively. Thus, the beam divergence in the plane per-
pendicular to the p – n junction is almost identical, while the 
divergence in the plane parallel to the p – n junction is somewhat 
higher for the DFB laser due to, probably, the presence of a grat-
ing. Similar values of the angular divergence in the plane perpen-
dicular to the p – n junction were reported in [10].

Figure 6 presents the L – I curve of the DFB laser in a stan-
dard butterfly housing at a temperature of 20 °C, which was 
measured at the exit of the single-mode fibre cable. The laser 
power was 100 mW at a pump current not exceeding 500 mA, 
and the slope efficiency was 0.26 mW mA–1. The efficiency of 
coupling into the single-mode fibre cable was approximately 
60 %, which allows us to conclude that the laser power exceeded 
165 mW. The SMSR at pump currents exceeding 200 mA was 
no lower than 53 dB, while the relative intensity noise did not 
exceed –160 –170 dB Hz–1 at a frequency of 5 GHz.

The dependences of the wavelength and SMSR of the 
DFB laser in a butterfly housing on the pump current are pre-
sented in Fig. 7. One can see that the l(I ) dependence deviates 
from linear with increasing pump current due to a rise in the 
temperature of the active laser region. In particular, D l/D I = 
2.1 ́  10–3 nm mA–1 in the pump current range 100 – 150 mA 
and D l/D I = 3.35 ́  10–3 nm mA–1 in the range 380 – 480 mA, 
which almost coincides with the measured results for lasers in 
housings 11 mm in diameter.

The lifetime tests of the DFB lasers performed at a tem-
perature of 55 °C showed that the extrapolated lifetime of the 
lasers at a temperature of 25 °C is no shorter than 100000 h at 
the activation energy Ea = 0.6 eV.

Thus, we have developed a technology of fabrication of 
high-power single-frequency DFB lasers (l = 1.5 – 1.6 mm) 
with a sidewall Bragg diffraction grating and experimentally 
studied their characteristics.

The output power of the DFB lasers with a cavity length 
of 1.6 mm and a mesa-stripe width of 3 mm mounted in a 
housing 11 mm in diameter was no lower than 150 mW at a 
pump current not exceeding 700 mA.

The laser power at the exit from the single-mode fibre 
cable at a pump current not exceeding 500 mA was no lower 
than 100 mW. It is shown that the change in the laser wave-
length with changing pump current and temperature is almost 
an order of magnitude lower for the DFB lasers than for con-
ventional lasers with a Fabry – Perot cavity. The extrapolated 
lifetime of the lasers for a temperature of 25 °C is no shorter 
than 100000 h (at Ea = 0.6 eV).
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