
Abstract. The design of a cw single-frequency semiconductor
laser with a Bragg ébre grating in a composite resonator
emitting at a wavelength of 1553.6 nm and intended for ébre-
optic communication systems with wavelength-division multi-
plexing is descried and its main parameters are presented. It
is shown that the suppression of longitudinal eigenmodes of
the laser diode caused by the antireêection coating deposited
on the internal face of the crystal leads to lasing on a single
longitudinal mode of the composite resonator. The lasing line
half-width is no more than 0.1 nm and the lasing wavelength,
which corresponds to the Bragg wavelength of a ébre grating,
remains stable in the dynamic mode.

Keywords: semiconductor laser, external cavity, Bragg ébre gra-
ting.

Fibre-optic communication lines (FOCLs) have established
themselves érmly in modern systems of data transmission.
Wavelength-division multiplexing (WDM or DWDM) is
currently used for increasing the amount of information
being transmitted through ébre-optic communication lines.
One of the most important problems in FOCLs with WDM
is the creation of laser sources with a narrow stable spect-
rum (no wider than 0.1 nm), which must be preserved in the
dynamic mode upon modulation by the information signal
with frequencies up to 10 GHz [1, 2, 4]. This condition is
determined by the fact that the difference in the wave-
lengths of adjacent spectral channels should be fractions of
a nanometer (0.2 ë 0.8 nm), the deviation of the wavelengths
of the radiation source not exceeding 0.01 nm. These
requirements are satiséed most completely for diode lasers
optically coupled to Bragg ébre grating (BFG) recorded in
single-mode optical ébres (SOFs).

In this work, we describe BFG diode lasers emitting in
the 1530 ë 1560-nm wavelength range and intended for oper-
ation in FOCLs with WDM and erbium ébre-optic ampli-
éers.

Lasing in the required wavelength range with a preset
spectral interval is provided by Bragg refractive index gra-
tings recorded in the SOF core [3]. When the grating is inclu-

ded into the external resonator with a laser diode (LD) (in
analogy with Ref. [4]), the lasing wavelength lies at the
maximum of the proéle of spectrally selective reêection of
the grating. For stabilising the wavelength and ensuring
one-frequency narrow-band lasing, we proposed and rea-
lised the following physical and technological solutions.

(1) A small width (less than 0.3 nm) of the BFG reêec-
tion spectral proéle.

(2) A large BFG reêection coefécient at the maximum
(80%) ensuring the required Q-factor of the external cavity.

(3) An LD with the cavity length of 200 mm and the
reêection coefécient of the end no more than 0.5 %.

(4) A short external cavity and a sparse longitudinal-
mode spectrum of the composite resonator obtained by
bringing BFG close to the antireêection-coated end of the
LD.

(5) Antireêection coating of the microlens for increasing
the strength of coupling between LD and BFG and sup-
pression of longitudinal modes of undesired composite reso-
nators.

(6) The coincidence of the maximum of the spectral gain
proéle of an antireêection-coated laser with the maximum
of the grating selectivity proéle (lB).

Schematic of a BFG laser emitting in the wavelength
range 1530 ë 1560 nm is shown in Fig. 1.

We used lasers based on InGaAsP ë InP heterostructures
with quantum-well layers prepared by the method of MOS
hydride epitaxy on a p-InP substrate in analogy with Ref.
[5]. Mesa stripe laser diodes with a mesa strip width of 3 mm
and a 200-mm long cavity were prepared from the initial
quantum-well heterostructures. The rear face of the cavity
was coated with multilayered antireêection coating with the
reêection coefécient R2 � 0:5%.

The LD was mounted on a copper heat sink placed in a
thermoelectric microcooler controlled by a thermal stabili-
sation circuit. The radiation emitted from the rear face of
the LD was coupled to a single-mode ébre containing a
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Figure 1. Schematic of a BFG single-frequency laser: R1 � R2 � R3

' 0:5% are the reêection coefécients of antireêection coatings.



BFG with the reêectivity 80%. For wavelengths from the
range 1530 ë 1560 nm separated by an interval of 0.8 nm,
the BFG period was chosen on the basis of the relation
L � lB=(2neff) (where neff is the effective refractive index of
the optical ébre at a given wavelength) and was � 0:5 mm.
The length of the grating along the ébre axis was 3 mm,
which ensured a width of the grating selective reêection
proéle of � 0:3 nm. A microlens with a radius of curvature
less than 10 mm was formed at the end of the ébre in front of
the grating. The surface of this lens was covered with an
antireêection coating with the reêectivity R3 � 0:5%. The
radiation emitted from the front mirror of the cleaved face
of the LD was coupled to the ébre having a microlens at the
end and covered with an antireêection coating with
R1 � 0:5%. The core diameter of the single-mode ébre
was 9 mm and the diameter of the cladding was 125 mm. The
radius of curvature of the microlens was 10 mm.

The output light ë current characteristics recorded from
the front mirror of the LD before and after its coupling with
the BFG are shown in Fig. 2. The threshold current of the
initial LD without coating was 20 mA and the working
current was 50 mA for the output power 5 mW. After the
application of coating with reêectivities R1, R2, R3 and
coupling with BFG and SOF, the threshold current of
the LD was 30 mA and the output power of 1 mW from the
SOF was attained for a pumping current of 50 mA. The
eféciency of coupling of the LD radiation into the SOF was
30%ë50 %.

Fig. 3 shows the spectral parameters of the LD before
and after its coupling with the BFG. The wavelength of the
initial LD at the maximum lmax of the emission spectrum
was 1576 nm. The emission line half-width was Dl � 4:5 nm
and the intermode spacing was dl � 1:5 nm. The wave-
length of the antireêection-coated LD for I � 100 mA was
1550 nm and the emission spectrum half-width was Dl �
41 nm; the maximum of the envelope of the emission
spectrum was shifted relative to lmax of the initial LD by
26 nm to the blue.

The output emission spectrum of the SOF after estab-
lishing an efécient optical coupling between the LD and
BFG contains a single longitudinal mode of the composite

resonator (Fig. 3c). One can see that the luminescence
spectrum of the antireêection-coated LD and the spectrum
of the laser with the BFG do not contain the longitudinal
modes of the intrinsic cavity of the LD as well as of other
parasitic resonators which could be formed by the ends of
ébres during coupling. This indicates a high quality of the
antireêection coating of the ends of the ébres and the LD
face coupled to the ébre grating.

The lasing wavelength of the BFG LD was lgen �1553.6
nm, which coincides with the Bragg wavelength lB of the
ébre grating used. The half-width of the lasing line did not
exceed 0.1 nm upon modulation of the laser by pumping
current pulses with a frequency up to � 5 GHz, indicating
the stability of lasing in the dynamic mode. The Bragg wave-
length detuning relative to the maximum of the gain line of
the antireêection-coated LD was 3.6 nm to the red.

Thus, the implementation of the structural and techno-
logical features listed above allows us to obtain stable single-
frequency lasing on a longitudinal mode of a BFG compo-
site resonator with the linewidth smaller than 0.1 nm and to
create transmitting optical modules operating in the dyna-
mic mode with stable parameters in the wavelength range
1530 ë 1560 nm for ébre-optic data communication systems
with wavelength-division multiplexing.
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Figure 2. Wattëampere characteristics recorded from the front (right)
mirror of the initial LD before and after its coupling with a BFG.

Dl � 4:5 nm Dl � 41 nm

lmax � 1576 nm

I � 40mA lmax � 1550 nm

1567 1580 1500 1550 1600 1543.5 1553.5 1563.5

a b c

l
�
nm l

�
nm l

�
nm

ÿ67
ÿ47
ÿ27

J
�
dBm

lgen � 1553:6 nm

I � 50mA

dl � 1:5 nm

Figure 3. Spectral characteristics of the initial LD (a), after application
of antireêection coating (b), and after coupling with BFG (c).
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