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Abstract: We demonstrate the integration of widely-tunable sampled-grating DBR (SGDBR) and
DFB lasers on indium phosphide. The SGDBR laser exhibits a 36-nm tuning range with =36-dB

SMSR and the DFB laser an SMSR of 51.6 dB. © 2019 The Author(s)
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1. Introduction

The complexity of indium phosphide (InP) based photonic integrated circuits (PICs) has increased in the past decade
both in number of on-chip functions and functional complexity [1]. Multiple active and passive elements such as
lasers, modulators, couplers, and photodetectors are fabricated in a single PIC for applications such as coherent
transmitters and receivers, optical downconverters for microwave frequency generation, and LIDAR [1-3]. These
PICs employ either sampled-grating distributed Bragg reflector (SGDBR) lasers for their wide tuning range or
distributed feedback (DFB) lasers for their wavelength stability. In this work, we present a platform for integrating
both SGDBR and DFB lasers on same substrate using a simplified fabrication process with a single grating lithography
and etch step.
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Fig. 1. (a) Photoluminescence intensity curves showing a 100 nm blueshift in the quantum well band edge after implantation and annealing. (b)
Calculated rear and front mirror reflectivity for the SGDBR laser using an 80 nm etch depth into the top waveguide layer for the gratings. (c)
Schematic of the DFB laser structure showing the vertically etched Bragg grating with a central gap. (d) Grating coupling coefficient (kappa) as a
function of gap width. (e) Calculated grating response of a 350 um-long quarter-wave-shifted DFB laser with a 1-um gap width. (f) Optical
micrographs of fabricated SGDBR and DFB lasers.

2. Design and Fabrication

Active/passive integration was achieved with a quantum well intermixing (QWI) process. lon implantation into a
sacrificial cap layer created vacancies that diffused into the quantum wells when annealed, resulting in a blueshift of
the quantum well band edge [4]. Figure 1(a) shows a 100-nm shift in the band edge of implanted sections after
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annealing as measured by photoluminescence. The QWI approach was chosen for the ability to integrate DFB lasers
without the specialized regrowth techniques required for butt-joint regrowth or selective area growth.

Figure 1(b) shows the calculated reflection of the rear and front SGDBR mirrors for an 80-nm grating etch depth.
To achieve a lower coupling coefficient, kappa, for the DFB lasers, a central gap was introduced into the vertically
etched gratings as illustrated in Fig. 1(c). This lower kappa design reduces fabrication time and improves process
reliability by allowing the use of a single etch depth for both the SGDBR and DFB laser mirror gratings. The grating
coupling coefficient as a function of the gap width is plotted in Fig. 1(d). Figure 1(e) shows the calculated response

of a quarter-wave-shifted DFB grating with a 1 um gap. Optical micrographs of fabricated SGDBR and DFB lasers
are shown in Fig. 1(f).

3. Characterization

Figures 2(a) and (b) show the light-current-voltage (L1V) characteristics of the SGDBR and DFB laser, respectively.
The optical power was measured by an on-chip detector following each laser. The SGBDR laser outputs 6 mW at 200
mA and has a threshold current of 30 mA. The jump in output power near 100 mA is due to a cavity mode hop. The
DFB laser outputs 5 mW from a single end at 150 mA and has a threshold current of 30 mA. As shown in Fig. 2(c),
the SGDBR laser exhibits a 36 nm tuning range. The side mode suppression ratio (SMSR) was greater than 36 dB
over the entire tuning range with a maximum SMSR of 46.2 dB at 1580.5 nm. Figure 2(d) shows single-mode
operation of the DFB laser at 1605 nm with an SMSR of 51.6 dB.
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Fig. 2. LIV characteristic of (a) an SGDBR laser and (b) a DFB laser. (c) Superimposed output spectra of the SGDBR laser showing 36-nm
tuning range. (d) DFB lasing spectrum with SMSR of 51.6 dB.

4. Conclusion

To the best of the authors’ knowledge, we have presented the first monolithic integration of a widely-tunable SGDBR
laser with a DFB laser on InP. Future PIC designs will take advantage of an SGDBR laser source for wide-tunability
along with a DFB laser for wavelength stability.
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