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A B S T R A C T

A four-wavelength DFB laser array based on S-bent waveguide and sampled grating is experi-
mentally demonstrated. The laser array shows good single mode operation and uniform wave-
length spacing. Since the fabrication for multi-wavelength of the gratings only requires con-
ventional sampled grating combined with s-bent waveguides, the whole laser chip fabrication is
very simple.

1. Introduction

Multiwavelength DFB laser array (MLA) is one of the key elements in the Wavelength Division Multiplexing (WDM) commu-
nication systems and the monolithic integrated circuits [1–3]. In these applications, the lasing wavelength should be precisely
matched to the ITU-T standard, and single mode operation must be ensured for each laser in the same array chip. These two key issues
require accurate fabrication for the Bragg grating [4,5]. For example, the 0.8 nm wavelength spacing requires the grating period
difference of ∼0.13 nm and the grating phase change should be inserted for the single mode operation. The nanometer fine structure
grating [6–13] is a big challenge especially for large scale fabrication. Up to now, the mostly used method is the e-beam lithography
[1,14,15]. But it writes gratings point by point resulting in tedious time consumption and high cost [16]. In former studies [17,18],
we proposed a new method to realize the MLA, i.e., S-bent waveguide (SBW-DFB) with sampled grating. In such method [17,18], the
uniform sampled grating is used for the multi-wavelengths' grid and the S-bent waveguide introduces a phase change in the grating to
set up an effective single mode resonance. Furthermore, the sampling structure is in micrometer scale and the basic grating is
uniform, which highly simplifies the fabrication process and can be realized by common holographic exposure and photolithography.
We successfully demonstrated a single wavelength laser based on this method [19] experimentally. Good single mode operation has
been achieved. In this paper, we further fabricated a four-wavelength array. Uniform wavelength spacing and high single mode
operation have been experimentally demonstrated. These results show that the proposed method should be a promising way for the
future MLA with low cost fabrication.
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2. The laser structure and principle

The structures of the four-channel SBW-DFB laser arrays are shown in Fig. 1(a). The SBW-DFB lasers have the same semiconductor
material as the conventional multiple-quantum-well (MQW) DFB laser. The gratings in the SBW-DFB lasers are uniform sampled
gratings designed by the REC technique. The main difference between the conventional MQW DFB laser and the SBW-DFB laser is
that, there is an s-bent waveguide in the center of the SBW-DFB laser.

According to the Fourier analysis, the sampled grating as shown in Fig. 1(b) can be expressed as [20]
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where P is the sampling period, Λ0 is the period of the basic grating (seed grating), Δns is the index modulation of the seed grating, m
denotes the mth order Fourier series and Fm is the Fourier coefficient of the mth subgrating. Usually the +1st order subgrating is used
as the equivalent grating for DFB lasers, and the period of the +1st order subgrating Λ+1 can be expressed as
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Therefore, the lasing wavelength controlled by the +1st subgrating can be changed by sampling period P. The grating period in
the bent waveguide region can be expressed as [17]
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Here, θ is the tilted angle of the bent waveguide. It can be seen that Λs is larger than Λ+1, and a continuous phase change in grating
can be induced in the bent waveguide region, which is also called phase adjust region (PAR), i.e., corrugated pitch modulation (CPM).
Through changing the tilted angle θ of the bent waveguide, various phase shifts in the PAR can be realized. According to Ref. [17],
when a π phase shift is induced in the PAR, the relationship between Λs and Λ+1 should be expressed as follows:
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We have designed four-wavelength SBW-DFB lasers arrays with 3.2 nm wavelength spacing. The parameters of the two lasers are
listed in Table 1. The total cavity length is 1000 μm and the length of the s-bent area (Ls) is 400 μm with two 300μm-long straight
waveguides (L1 and L2) on both sides. The tilted angle of the s-bent waveguide is 1.4°. The Bragg wavelength of the seed grating is set

Fig. 1. schematic of the (a) 4-channel DFB laser arrays with s-bent waveguides and sampled gratings, (b) s-bent waveguide and sampled grating.

Table 1
Parameters of the SBW-DFB laser arrays.

Parameters No. 17 No. 18 No. 19 No.20

Total cavity length (μm) 1000 1000 1000 1000
L1 (μm) 300 300 300 300
Ls (μm) 400 400 400 400
L2 (μm) 300 300 300 300
Tilted angle θ 1.4° 1.4° 1.4° 1.4°
Seed grating period Λ0 (nm) 256 256 256 256
Sampling period P (μm) 5095 5367 5648 5972
Effective refractive index

(at 1550 nm)
3.2 3.2 3.2 3.2
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at 1642 nm, which is far away from the gain region and cannot lase. In order to obtain 3.2 nm wavelength spacing, the sampling
periods of the four DFB lasers are set at 5.095 μm, 5.367 μm, 5.648 μm and 5.972 μm respectively.

3. Experiment results and discussion

The total wafer is grown by a conventional two-stage metal-organic chemical vapor deposition (MOCVD). The first epitaxial
structure of our SBW-DFB includes an n-InP buffer layer, an n-InAlGaAs lower optical confinement layer, an InAlGaAs MQW
structure, a p-InAlGaAs upper optical confinement layer and a 30 nm thick p-InAlGaAs grating layer placed on the n-InP substrate.
Then, a conventional holographic exposure is carried out to make the seed grating, and followed by a conventional photolithography
to realize the uniform sampled grating. The fabrication of the sampled grating is the same as the common method as shown in
[21,22]. After fabricating the sampled grating, a p-InP cladding layer and a p-InGaAs contact layer are regrown over the entire wafer
using second epitaxy using MOCVD. The following steps are common semiconductor fabrication steps, including processing s-bent
ridge waveguides with conventional photolithography, SiO2 deposition for insulation layer using plasma chemical vapor deposition

Fig. 2. (a)Fabricated devices of the 4-channel DFB laser arrays with s-bent waveguides under optical microscope; (b) SEM picture of sampled
grating.

Fig. 3. (a) Measured spectrum characteristics of the SBW-DFB lasers’ array. (b) Lasing wavelengths’ distribution of the SBW-DFB lasers’ array.

X. Liang, et al. Optik - International Journal for Light and Electron Optics 202 (2020) 163557

3



(PECVD), opening p-metal contact windows with photolithography and inductively coupled plasma (ICP) etching, making p-side
ohmic contacts, wafer thickness reduction and making n-side ohmic contacts. Finally, antireflection coatings with reflectivity of less
than 1% are applied to the both facets of devices.

Fig. 2 shows the fabricated laser array. The devices are numbered as No. 17, 18, 19 and 20.
The spectrum characteristics of the lasers’ array are also measured. Fig. 3. shows the spectra of the SBW-DFB lasers’ array at a

same temperature of 25 °C. As shown in Fig. 3(a), all of the components of the SBW-DFB lasers’ array behave single longitudinal mode
property, and the lasing wavelengths are 1571.78 nm, 1575.53 nm, 1578.95 nm, 1583.17 nm respectively. And the SMSR of each
component in the SBW-DFB lasers’ array are 45.41 dB, 51.35 dB, 53.98 dB and 52.13 dB correspondingly.

We plot the lasing wavelengths’ distribution of the SBW-DFB array in Fig. 3(b). As can be seen, the lasing wavelengths of the
array’s components behave a linear relationship, just as we have designed, with a maximum wavelength deviation of no larger than
0.3 nm, less than 1/10 of the wavelength spacing of our design. This test result demonstrates that our SBW-DFB can achieve a precise
design of wavelengths’ distribution for a suitable DFB laser array. Precise wavelength distribution proves that our theory is suitable
for this SBW-DBR laser array, and it is suitable and low cost for precise WDM applications.

We plot the linewidth properties for laser No. 20 alone in Fig. 4. We get a best linewidth of 451 kHz at a current of 150mA and
25 °C as shown in Fig. 4(a). The linewidth shows an excellent fit for Lorentz fitting. As we can see from Fig. 4(b), the linewidth goes
down as the current increases. This is because linewidth is inversely proportional to lasing power while injection current is pro-
portional to lasing power, which means linewidth should be inversely proportional to injection current. Maxium lasing linewidth is
1.93MHz at 90mA, which is still below 10MHz. This demonstrates that the S bent introduced in our laser is good for wavelength
distribution selection meanwhile cause almost no extra loss and maintain the linewidth property

The measured spectrum characteristics in different current injection for No. 20 of the SBW-DFB lasers’ array are shown in Fig. 5.
(a). The spectrum properties are measured at 25 °C water cooled condtion. A clear single mode lasing property through the whole
measured current from 80mA to 150mA can be seen and the center wavelength shifts from 1582.25 nm to 1585.75 nm, with a mode
hop free tuning range larger than 3 nm with only current injection. We plot the lasing wavelength versus injection current for No. 20
of the SBW-DFB lasers’ array at 25 °C water cooled condition in Fig. 5. (b), which shows a clear linear fitting property. The wave-
length shifts every 0.05 nm per 1mA. The tuning property caused by current injection is because the test is under water cooling
condition, and the increase in current cause a corresponding temperature rise which makes the wavelength shift.

We measured the output power of the SBW-DFB lasers’ array and show them in Fig. 6. All of the array’s components behave good

Fig. 4. (a) Measured linewidth characteristics for No. 20 of the SBW-DFB lasers’ array at 25 °C and current is 150mA. (b) Lasing linewidth versus the
injection currrent. Maxium lasing linewidth is 1.93MHz at 90mA, and minimum linewidth is 451 kHz at 150mA.
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lasing power property and the power are all above 5mW. The threshold current is around 35mA to 40mA. The difference of the
output of the power may come from the non-uniformity caused by the processing steps.

The most significant advantage of our proposed laser array structure is that, it can easily control the wavelengths’ distribution of a
certain laser array with high wavelength accuracy [17]. Our test result in Fig. 3 demonstrates the accuracy of wavelengths’ dis-
tribution deviation less than 0.3 nm, and three out of the four lasers in the array have their lasing wavelengths’ deviation less than
0.1 nm. This is very important when DFB laser arrays are used in WDM.

Another advantage of our SBW-DFB laser array is its simple processing steps. The only structure difference is the sampling periods,
which differs from 5.095 μm, 5.367 μm, 5.648 μm and 5.972 μm. All the other parameters are the same. The results indicate that all
the laser components of the SBW-DFB laser array operate in good single longitudinal mode with SMSRs higher than 45 dB. The
fabrication steps are simple and compatible with the REC fabrication method, which means our SBW-DFB laser array is suitable for
mass production and can be commercialized easily.

Fig. 5. (a)Measured spectrum characteristics in different current injection for No. 20 of the SBW-DFB lasers’ array at 25 °C water cooled condtion.
(b) Lasing wavelength versus injection current for No. 20 of the SBW-DFB lasers’ array at 25 °C water cooled condtion.

Fig. 6. Measured lasing power versus injection current for No. 17, 18,19 and 20 of the SBW-DFB lasers’ array.
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4. Conclusion

In this paper, a SBW-DFB laser array based on s-bent waveguide and sampled grating is designed and experimentally demon-
strated. All of the components of the SBW-DFB laser array operate with high SMSR larger than 45 dB. The wavelengths distribution is
controlled accurately utilizing the proposed method, achieving high wavelength precision of less than 0.3 nm wavelength deviation.
Furthermore, the DFB lasers can be fabricated by the conventional holographic exposure and photolithography technique with much
lower costs. Our proposed SBW-DFB laser array offers a promising way to fabricate multichannel DFB laser arrays for optical
communications and photonic integrated circuits in the future.
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