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Widely tunable distributed feedback (DFB) lasers based on surface isolation grooves were developed using i-line
lithography. Periodic p-electrodes on mesas enabled the realization of a great tunability. It is to be mentioned
that, our device reached a wavelength tuning range of approximately 17.5 nm by only one pair of electrodes

under both temperature and current variation with the help of order hop. A single longitudinal mode with
continuous-wave output power reached up to 132.8 mW/facet for a drive current of 400 mA at 20 °C. The side-
mode suppression ratio reached 36.25 dB. The wide tuning range and the simple fabrication steps promise our
device an immense potential as light source in many applications such as atomic clocks and gas sensing.

1. Instruction

Tunable DFB laser diodes has many applications in optical commu-
nication systems, LiDAR, sensing, and so on [1-6]. The 780 nm tunalbe
DFB laser is mainly used as light sources for pumping the Rb D2 tran-
sition, as used in Rb atomic clocks [7-10], magnetometers [11], preci-
sion gyroscopes [12], gas sensing [13], and LAN communication [14].

To the best of our knowledge, current laser diodes around 780 nm
DFB lasers are mostly based on complicated nanoscale lithography or
imprint and etching techniques [15,16,17]. This is making the device
difficult to fabricate and expensive.

In our previous works, we had already proposed a regrowth-free
method to fabricate gain coupled DFB laser diodes with isolation
grooves and periodic p-electrodes to achieve single-longitudinal-mode
(SLM) with a high side-mode suppression ratio (SMSR) [18,19]. In this
paper, by properly designed the lasing wavelength and the period, we
aim at fabricating 780 nm gain-coupled structure DFB laser and opti-
mizing tuning range under the help of the order hop. By using only one
pair of electrodes, our device reached a tuning rang of more than 17.5
nm, changing both the current (from 90 to 400 mA) and the temperature
(from 10 to 45 °C). Our technique of achieving large tuning range

without using secondary epitaxy or nano scale lithography has great
potential for large scale production and will promote the applications in
gas sensing and other many other fields.

2. Structure and fabrication

The chip of the device was prepared by metal-organic chemical
vapor deposition (MOCVD). The active region of the device is composed
of AllnGaAs/AlGaAs.

Fig. 1(a) provides a schematic diagram of the total structure. The
electrodes are in the middle of the mesas. The multilayered structure of
the chip is shown in Fig. 1(b), The active region is composed of a single
quantum well and other gradient layers.Fig. 1(c) shows the structure of
the surface mesas and isolation grooves. Currents are injected into the
active region from the electrode windows. The lasing wavelength of the
DFB laser depends on the period of surface grooves structure [20], and
the width of one groove is 3 pm (Lg = 3 pm) in Fig. 1(c). The structure
determines that the surface grooves structure acts as high order slot laser
[21]. The surface isolation grooves can be seen under scanning electron
microscope (SEM) in Fig. 1(d). Periodic electrical injections are formed,
leading to the gain differences in the active region.
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Fig. 1. Device schematic (a) schematic diagram of the chip, (b) structure of the
epitaxy, (c) schematic diagram of the surface periodic isolation grooves, and (d)
SEM image of the p-electrode.

First, we used photolithography (i-line) and inductively coupled
plasma (ICP) etching to pattern the periodic isolation grooves with a
period of 6.06 pm (A = 6.06 pm). Second, we patterned the 4 pm wide
ridge waveguide of the device, again using i-line lithography and ICP
etching. Third, we patterned the periodic electrode windows on the
mesas of the unetched top of the isolation grooves on a new silica
isolation layer, creating periodic current injection channels. Finally,
500 nm metal was deposited on the surface of the epitaxial wafer by
magnetron sputtering. We cleaved the chips into 1 mm cavity length and
coated one facet of the device to 95% anti-reflection (AR). The other
facet of the device had a high-reflection (HR)-coating (95% power
reflection assumed). The device was bonded p-side down on the heat
sinks and placed on a thermoelectric cooler (TEC) controlled plate to
maintain or tune the operating temperature.

According to our previous work [22],The periodic electrodes lead to
a gain contrast in the quantum well resulting in a gain coupled
mechanism.

3. Experiment results and discussion

A continuous-wave (CW) test was carried out based on the TEC at
20 °C. The power-voltage-current (P-I-V) characteristics and electro-
optical efficiency of the device are shown in Fig. 2 (measured by New-
port PMKIT-15-01). The PIV curve in Fig. 2 is obtained by emitting one
facet of the device and the conversion efficiency is calculated by
doubling the single facet’s tested power. The device had a threshold
current of 110 mA for a cavity length of 1 mm and ridge width of 4 pm.
Single longitudinal mode operation reached up to 132.8 mW/facet at
400 mA. Obviously, the power increased linearly from 110 to 400 mA.
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Fig. 2. CW power-voltage-current characteristics and electro-optical efficiency
profiles at 20 °C.
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The slope efficiency of one facet reached 0.28 W/A. Fig. 2 shows that the
conversion efficiency increases rapidly in the range 110-250 mA. When
the current reached 270 mA, the conversion efficiency was over 26%,
because several electron-hole pairs are recombining when the current
injection increases. It decreased slowly from 270 to 400 mA. Once the
current exceeded 270 mA, the conversion efficiency decreased because
of the accumulated thermal effect [23].

The spectra characteristics at different currents at 20 °C are clearly
shown in Fig. 3.The spectra were measured directly by coupling the laser
using a 10 pm core diameter fiber-linking YOKOGAWA AQ6370C optical
spectrum analyzer. Fig. 3 shows that the wavelengths drift with the in-
crease of current. Notice that, there is a order hop when the current
exceeds 280 mA. It is due to the structure of high order surface isolation
grooves. According to the formula: MA/2 = ANs. Here, M is the lasing
order,/ is the lasing wavelength. A is the period of the isolation grooves,
which is 6 pm in our structure. N is the effective index, which is about
3.447 calculated by COMSOL. At such a large period of 6 pm, different
orders have different lasing wavelengths. By taking the advantage of
order hop, the tuning range can be easily enlarged when changing the
current and the temperature. As shown in Fig. 3, the tuning range can
reach about 3 nm under 20 °C by changing the current only(from 90 to
400 mA), whose drift coefficient is much larger than surface grating DFB
laser [24], 3 times larger than lateral grating DFB laser using nano-
imprint lithography [17].

Fig. 4 shows the threshold of the device at different operating tem-
peratures. The threshold increases with the temperature [25], which is
due to the decrease of gain versus temperature. The lasing wavelengths
of the device versus different operating temperatures and currents are
shown in Fig. 5. The results show that the lasing wavelength mainly
increase with temperature and current. We can see mode hops when
tuning the current. It is because the device is AR/HR coated, which
brings mode hop between different FP modes. The tuning spectrum in
Fig. 5. is much alike a DBR laser [26],However, our device has a wider
tuning range of 17.5 nm,5 times of 780 nm DBR laser [27]. The lasing
wavelengths at the different temperatures overlap, which can cover a
continuous wavelength. The expected tunable phenomenon is achieved.
Given a current at 300 mA, as shown in Fig. 6, we see that the wave-
length red-shifts. The SMSR are all over 30 dB during the temperature
variation.

The tuning range of the device can be concluded from Fig. 7, Fig. 7
demonstrates that the working wavelength of the DFB laser device can
be tuned from 775.5 to 793 nm under changing temperature and current
injection. In this working range,the photoelectric conversion efficiency,
disaster prevention, and tunable characteristics of the device are taken
into account. Fig. 7. also shows a good SLM property with high SMSR
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Fig. 3. CW spectrum characteristics of complex-coupled DFB laser for different
injection currents at 20 °C.
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Fig. 4. Threshold of the DFB laser diode for temperatures from 10 to 45 °C.

[Ead ===y
7924/——157T A
—t—20 C
7904 —v—25T _sereperere
—e—30 C ebab,_yrererebetebeb
E 7884 | ——35 ¢ _4.‘.‘—4-/"«-‘
£ 7864~ =40 ’(i "‘"—\-4-4-4-1-‘-(‘-‘:/-&0-‘-/"
< =LA 17.5
- 7844 e ¥
2 5 i nm
@ 7824 v, _amAchmhehmdoh
© - &._‘_.,..u-‘ "f."-.-.
2 778
776 v
774

100 150 200 250 300 350 400
Current (mA)

Fig. 5. Center wavelengths of the 780 nm DFB laser diode for different currents
and temperatures.
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Fig. 6. Center wavelengths of the 780 nm DFB laser diode for different tem-
peratures.,when the injected current is 300 mA.

over 25 dB. The total tuning range of 17.5 nm is much larger than DFB
lasers and DBR lasers, under a temperature change of 10-45 °C [17-27].

Fig. 8 demonstrates that the highest SMSR is 36.25 dB at 10 °C when
the drive current is 330 mA. The SMSR changes with both temperature
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Fig. 7. Spectrum of the 780 nm DFB laser diode for different currents and
temperatures.
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Fig. 8. Center wavelength of the 780-nm DFB laser diode at 10 °C, when the
drive current is 330 mA.

and current injection, mainly due to the gain spectrum shift.

Fig. 9 shows the 3 dB linewidth of the device at 20 °C, when the
injected current was 300 mA.The linewidth was measured by coupling
the collimated laser to the Fabry-Perot interferometer (Thorlabs,
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Fig. 9. Linewidth image of the tunable DFB laser working at 300 mA.
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SA200-8B), which has a resolution of 67 MHz and free spectral range of
10 GHz. The linewidth is calculated as:Av = (tpwmn/At) * 1o

where the tgpypy is the full width at half maximum(FWHM) of the
scanned spectrum,At is the interval between the scanned spectrum,
andy is the free spectral range.The 3 dB linewidth was about 100 MHz.

4. Conclusion

We have presented a regrowth-free gain-coupled DFB laser with
periodic surface isolation grooves. The device achieves a single longi-
tudinal mode. Our coated device has a SLM CW power of 132.8 mW/
facet. Under the help of order hop, a tuning range beyond 17.5 nm can
be achieved by controlling the current (through only one pair of elec-
trodes) and the temperature. The maximum SMSR of the device reached
36.25 dB. It provides a novel method for fabricating low-cost, widely
tunable 780 nm DFB laser diodes using only i-line lithography without
using secondary epitaxy or nano scale lithography. This means that, our
technique is suitable for large-scale production which can be applied to
many fields such as atomic clocks and gas sensing.
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