
 
 
 
 
 
 
Yuan, B., Fan, Y., Zhu, S., Zhang, Y., Marsh, J. H.  and Hou, L.  (2023) 
Dual-wavelength DFB Laser Based on Four Phase-shifts Sections and 
Equivalent Chirp Technology for Millimeter-wave Generation. In: 
CLEO/Europe-EQEC 2023, Munich, Germany, 26 - 30 June 2023, ISBN 
9798350345995 (doi: 10.1109/CLEO/Europe-EQEC57999.2023.10232082 
 
 
 
 
Copyright: © 2023 IEEE. 
 
 
 
This is the author version of the work. 
 
There may be differences between this version and the published version. 
You are advised to consult the publisher’s version if you wish to cite from it: 
https://doi.org/10.1109/CLEO/Europe-EQEC57999.2023.10232082  
 
 
 
 
https://eprints.gla.ac.uk/295757/  
 
 
 
Deposited on: 3 April 2023 
 
 
 

Enlighten – Research publications by members of the University of Glasgow 
http://eprints.gla.ac.uk 

http://eprints.gla.ac.uk/view/author/63357.html
http://eprints.gla.ac.uk/view/author/62951.html
http://eprints.gla.ac.uk/view/author/69697.html
http://eprints.gla.ac.uk/view/author/6925.html
http://eprints.gla.ac.uk/view/author/7961.html
https://doi.org/10.1109/CLEO/Europe-EQEC57999.2023.10232082
https://doi.org/10.1109/CLEO/Europe-EQEC57999.2023.10232082
https://eprints.gla.ac.uk/295757/
http://eprints.gla.ac.uk/


   

Dual-wavelength DFB Laser Based on Four Phase-shifts Sections and 
Equivalent Chirp Technology for Millimeter-wave Generation 

 
Bocheng Yuan1, Yizhe Fan1, Simeng Zhu1, Yunshan Zhang2, John H. Marsh1, Lianping Hou1 

1.  James Watt School of Engineering, University of Glasgow, Glasgow G12 8QQ, UK. 
2.  College of Optical Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210046, China. 

 
A monolithic dual-wavelength DFB laser based on four phase-shift (4PS) sampling sections and equivalent 

chirp technology is proposed and experimentally demonstrated. Dual-wavelength lasing is achieved by introducing 
two π phase shifts at positions 1/3 and 2/3 along the length of the DFB laser cavity [1]. Compared to conventional 
sampled Bragg gratings, the 4PS sampling structure has a higher grating coupling coefficient, κ, for the +1st channel, 
with κ equal to 0.9 times that of a uniform seed grating [2,3]. Meanwhile, the equivalent chirp technology is applied 
by linearly modulating the sampling periods along the DFB cavity, thus ensuring the peaks in the photon 
distributions of the two lasing modes at separate locations along the cavity. Consequently, mode competition 
between the two modes can be largely suppressed [1]. An electro-absorption modulator (EAM) section is also 
integrated with the DFB laser to enhance the phase locking between the two lasing modes. Furthermore, the device 
is based on sidewall grating, which needs only one metalorganic vapor-phase epitaxy (MOVPE) step and one III-
V material dry etching step, simplifying the device fabrication process. 

As shown in Fig. 1(a), the grating in each sampling period is evenly divided into four sections, with each 
adjacent grating section subjected to a π/2 phase shift. Both sidewalls have the same uniform seed grating with a 
period of 257 nm, the sampled gratings are modulated along the DFB laser cavity with a linear chirp rate of 90 
nm/mm, and the average sampling period is 4.711 μm. The 2.5-μm-wide ridge waveguide (W=2.5 μm) and grating 
pattern with 0.6 μm recess depth are defined by electron-beam lithography (EBL) with a resolution of 0.5 nm using 
hydrogen silsesquioxane (HSQ) as both the resist and dry etching mask. Fig. 1(b) shows the sampling period 
distribution along the cavity (z-direction), the difference in period between the first sampling period P1 and the 
final sampling period Pn being 63 nm. The device comprises an EAM section (LEAM=30 μm) and a DFB laser 
section (LDFB=700 μm), separated by an electrical isolation groove (20-μm-long) (see Fig. 1(c)). 

After fabrication, the devices were mounted epilayer-up on a copper heat sink with a Peltier cooler. The heat 
sink temperature was set at 20 °C and the devices were tested under CW conditions, with all results measured from 
the DFB side. As shown in Fig. 2(a), two lasing modes (λ1=1555.321 nm, λ2=1555.819 nm) can be clearly observed 
when a 60 mA injection current and –0.3 V reverse voltage are applied to the DFB and EAM respectively. The 
two optical signals were incident on a photodetector (PD) connected to a mixer and an electrical spectrum analyzer 
(ESA) and the radio frequency (RF) spectrum of the beating tone was measured. In Fig. 2(b), a 61.2 GHz RF signal 
is observed, which is consistent with the frequency difference between λ1 and λ2 (Fig. 2(a)). The frequency 
difference between λ1 and λ2 can be designed by changing the values of the two phase shifts and the chirp rate [1]. 

 
Fig. 1. (a) Schematic of the 4PS structure (one sampling period P), (b) sampling period distribution along the DFB laser 

cavity, (c) microscope image of the device. 
 

 
Fig. 2. (a) Measured optical spectrum, and (b) RF spectrum. 
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