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A B S T R A C T

A widely tunable distributed feedback Bragg (DFB) laser diode based on surface isolation grooves has been
produced by i-line lithography. Periodic p-electrodes on the mesas realize a single longitudinal mode output.
The maximum continuous wave output power of the uncoated device was 145.3 mW/facet at 500 mA, and the
maximum side-mode suppression ratio was over 37 dB. Experimentally, the laser diode could be tuned from
899.9 to 907.7 nm from 15 ◦𝙲 to 35 ◦𝙲. The 3 dB linewidth was 920 MHz at 20 ◦𝙲 for an injected current
of 300 mA. The method of fabricating the tunable DFB laser diode has great potential for many applications,
such as in light detection and ranging (LiDAR) devices.
. Introduction

Distributed feedback Bragg (DFB) laser diodes are important light
ources in many applications in modern industry. The DFB laser diodes
ave the advantages of small size, stable wavelength characteristics,
nd ease of integration with other devices. They are used as pump
ources in both fiber [1] and solid-state [2] lasers. Further, tunable DFB
aser diodes are mainly used as light sources in optical modules [3] and
any other micro-systems [4–6]. In particular, 905 nm wavelength DFB

aser diodes are important components in photo-electrical sensing and
hoto-acoustic imaging [7–9] devices. Owing to the small attenuation
n air and a good penetration effect, the 905 nm DFB laser diodes
ave a great potential for optical phase arrays in laser ranging [10,11],
ree-space line-of-sight optical communications, and light detection and
anging (LiDAR) in autonomous vehicles [12,13].

To the best of our knowledge, existing DFB lasers around a wave-
ength of 905 nm are all based on the index coupled effect [9,10].
ost of them are prepared by epitaxial regrowth methods, and such

abrication processes require complicated nanoscale lithography and
tching techniques [14–17].

In our previous work [18–20], we already proposed some regrowth-
ree methods for fabricating gain-coupled DFB laser and taper laser
iodes. For gain-guided lasers the spontaneous emission factor is taken
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to be large(as compared with that for index-guided lasers) and the
gain profile is taken to be smooth and parabolic [21]. It is suitable for
preparing tunable semiconductor lasers. The isolation grooves act as
slot inside FP cavity can modulate the emission spectrum, The presence
of surface isolation grooves inside the cavity of a semiconductor laser
can have a very strong influence on the emission spectrum, It is
helpful for the tunable DFB laser to improve the performance of single
longitudinal mode [22–26].

In this paper, We combined surface gratings and periodic
p-electrodes structures for fabricating our first 905 nm tunable DFB
laser based on isolation grooves and smaller periodic electrode win-
dows, Both gain-coupled mechanism and slot function are considered.
By modulating the depth of the isolation grooves, we have recently
demonstrated a tunable laser based on surface isolation grooves which
completely relies on these grooves to provide necessary reflectivity for
the laser operation independent of any etching facets [27]. Compared
with the previous work results, the output power and the side-mode
suppression ratio (SMSR) is improved, and the novel 905 nm tunable
DFB laser can achieve greater tuning range. The central wavelength of
this device can be tuned from 899.9 nm to 907.7 nm within a small
temperature range. Compared with our previous periodic p-contacts
gain-coupled DFB laser diodes, the device in proposed in this study has
better thermal stability and wavelength modulation characteristics.
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Fig. 1. Device Schematic (a) Scanning electron microscope image for the top of the device, (b) Side view of the device.
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Table 1
Structure of the 905 nm chip.

Structure Material Thickness (μm)

1. Cap P++ GaAs 0.15
2. P-clading P+ AlxGa1−xAs(x = 0.05 − 0.45) 1.05
Waveguide layers &
Active region

InGaAs/AlxGa1−xAs 2

4. N-clading N+ AlxGa1−xAs(x = 0.05 − 0.45) 1.05
5. Buffer N+ GaAs 0.5

2. Device structure and fabrication

The laser diode device was prepared by metal–organic chemical
vapor deposition. The structure of the wafer is shown in Table 1.
The quantum well of the DFB laser is formed by the InGaAs/AlGaAs
sandwich layers, and the average peak wavelength of PL spectrum is
891.9 nm.

Fig. 1 shows a schematic diagram of the device structure. The
surface isolation grooves can be seen under a scanning electron mi-
croscope, as illustrated in Fig. 1(a). The periodic electrode windows
were on the top of the mesas, There were grooves between every two
mesas, This structure formed periodic electrodes. Fig. 1(b) shows how
the currents were injected into the device from the electrode windows.
The structure of the p-electrode leads to the gain differences in the
active region.

The device was prepared in four steps. First, we patterned the
periodic isolation grooves with a period of 6 μm (𝛬 = 6 μm) by i-
line lithography and etched 500 nm by the inductively coupled plasma
method. Second, we patterned the 4 μm wide ridge waveguide and
etched 1000 nm. Third, we patterned the 1 μm periodic electrode
windows on the mesas to create periodic current injection channels.
There was a 300 nm silicon oxide layer on the surface except for the
electrode windows. Finally, 500 nm metal was deposited on the surface
by magnetron sputtering.

We wire-bonded a 1 mm long laser diode, with its p-side down on
the heat sinks and tuned the temperature by a thermoelectric cooler
(TEC) [28,29]. The periodic electrode windows led to a gain contrast
in the active region and resulted in a gain-coupled mechanism.
 s

2

Fig. 2. CW power-voltage-current characteristics and electro-optical efficiency profiles
at 20 ◦C.

. Results and discussion

A continuous-wave (CW) test was carried out at 20 ◦C. The power-
oltage-current (P-I-V) and electro-optical efficiency curves of the de-
ice are shown in Fig. 2 (measured by Newport PMKIT-15-01). The
ata in Fig. 2 were obtained by measuring one facet of the device,
nd the conversion efficiency was calculated by doubling the tested
utput power of one facet, so as to obtain the total value. The device
ad a threshold current of 85 mA. The output power reached 145.3
W/facet at 500 mA. It is obvious that the output power increased

inearly from 85 to 500 mA. The slope efficiency was 0.34 W/A. Fig. 2
hows a rapid increase in the conversion efficiency in the range of
00–200 mA, caused by more electron–hole pairs recombining when
he injected currents increase. Thereafter, it increases slowly from 200
o 400 mA. When the injected current was 400 mA, the conversion
fficiency was over 28%. The efficiency decreased when the injected
urrents exceeded 400 mA. There was damage to the device once the
njected currents exceeded 400 mA after repeated tests, because of
he accumulated thermal effect [30]. Therefore, the injected currents

hould remain below 400 mA.



X. Liu, Y. Chen, Y. Zeng et al. Optics Communications 481 (2021) 126528
Fig. 3. CW spectrum characteristics of the tunable DFB laser with different injection
current at 20 ◦C.

Fig. 4. Center wavelength of the tunable DFB laser diode with different current and
temperature.

The spectra at 20 ◦C are clearly shown in Fig. 3. The spectra were
measured directly by coupling the laser using a 10 μm core diameter
fiber-linking YOKOGAWA AQ6370C optical spectrum analyzer. The
SMSRs were less than 30 dB, When the injected currents were less
than 200 mA. the SMSRs were over 33 dB and increased steadily with
increasing currents when the injected currents exceeded 250 mA. This
phenomenon is due to the variation of quantum well working state
under different current injection conditions and material linewidth
enhancement factor. Compared with the spectral characteristics be-
tween 400 and 500 mA, the spectrum was stable at 400 mA after
many repeated experiments. The performance was temporarily stable
at 450 mA, and then, the spectrum deteriorated rapidly. The SMSR
decreased rapidly at the same time. The spectrum at 500 mA shows
the deterioration. The current of 400 mA is over 4 times that of the
threshold. Considering the narrow-stripe ridge waveguide structure, the
output power density needs to be controlled within a reasonable range
to prevent device damage. Once again, the injected currents should be
controlled below 400 mA to achieve desirable performance and avoid
irreversible damage [31].

The working wavelengths of the device versus different operating
temperatures and currents can be fitted to linear curves, as illustrated
in Fig. 4. The device could be tuned from 899.9 to 903.8 nm at 15
◦ ◦
C, from 901.4 to 905.2 nm at 20 C, and from 902.8 to 907.7 nm at

3

Fig. 5. SMSR of the tunable DFB laser diode with different currents and temperatures.

25 ◦C. The slope efficiencies of all the three curves were almost the
same. At a given temperature, the wavelengths increased uniformly as
the injected currents increased. The gain spectrum of the gain-coupled
DFB laser is wider than the index-coupled DFB laser and The gain
spectrum will be changing with the fluctuation of the injection current.
The single longitudinal mode is achieved by the isolation grooves. Fig. 4
shows that the points are in straight lines and the points are uniformly
distributed in the vertical direction, When the injected current is fixed.
This means that the redshift at a given injected current was stable from
15 ◦C to 20 ◦C and 25 ◦C. The expected tunable phenomenon was
realized. Thus, it was demonstrated that the working wavelength of
DFB laser diode could be tuned from 899.9 to 907.7 nm under changing
temperature and injected currents. A range of 7.8 nm was achieved with
only one pair of P and N electrodes.

Fig. 5 shows the fluctuation of SMSRs at different temperatures.
Overall, it was observed that the SMSRs gradually increase with in-
creasing injected currents at any specified temperature and are always
over 32 dB at 15 ◦C. Compared to 20 and 25 ◦C, the inhibition of
SMSRs was more stable when the temperature was lower. The SMSRs
decreased with the rise in temperature at 150 mA (Fig. 5). However,
the SMSRs at 20 and 25 ◦C tended to be stable with the increasing
injected currents. The SMSR is over 37 dB when the injected current is
400 mA at 25 ◦C. The increasing injected currents led to an increase
in the concentration of the injection carriers. The carrier concentration
and the temperature variation resulted in a gradient in the diffusion
and recombination rate variations. The diffusion length of the carriers
became larger and the gain coupled effect changed because of the
periodic electrode channels. According to the Einstein relation, the dif-
fusion coefficient is proportional to the temperature inside the device.
In the dynamic process of the device, both the heat generated inside the
device and the cooling of TEC affected the performance of the device.
Therefore, the fluctuations in the SMSRs were affected by many factors.

Fig. 6 shows the 3 dB linewidth of the device at 20 ◦C, when the
injected current was 300 mA. The linewidth was measured by cou-
pling the collimated laser to the Fabry–Perot interferometer (Thorlabs,
SA200-8B), which has a resolution of 67 MHz and free spectral range
of 10 GHz. The linewidth is calculated as 𝛥𝜈 = (𝑡𝐹𝑊𝐻𝑀∕𝛥𝑡) ∗ 𝜈0 where
the 𝑡𝐹𝑊𝐻𝑀 is the full width at half maximum(FWHM) of the scanned
spectrum,𝛥t is the interval between the scanned spectrum, and𝜈0 is
the free spectral range. The 3 dB linewidth was about 920 MHz. The
variation in the injected currents results in a change in the real and
imaginary parts of the refractive index of the device. The increase in
the injected currents enhances spontaneous radiation and broadens the

linewidth. However, such a device can still meet the requirements in
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Fig. 6. Linewidth image of the tunable DFB laser working at 300 mA.
many application areas. Compared to the surface gratings lasers and
vertical-cavity surface-emitting lasers, they are of the same order of
magnitude [32,33]. Furthermore, the linewidth could be compressed
and narrowed by coating films and adding an external filter.

4. Conclusion

We have presented a 905 nm tunable DFB laser diode with periodic
surface isolation grooves. The method of fabrication is cost-effective
and does not introduce regrowth technology and the structure is suit-
able for integration. The uncoated device reached a CW power of 145.3
mW/facet. The SMSR of the device was over 37 dB. We demonstrated
that the device realizes a good single longitudinal mode output perfor-
mance. We achieved the expected tunability within a range of 7.8 nm
by controlling the injected currents and operating temperature. The 3
dB linewidth of the uncoated device was 920 MHz. Hence, this DFB
laser can meet the requirements of many applications, e.g., LiDAR.
Future work will be concentrated on developing a tunable laser array
around 905 nm.
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