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In this letter, we demonstrate a novel distributed-
feedback (DFB) InGaN-based laser diode with narrow-
linewidth emission at ~480 nm (sky blue) and its 
application to high-speed visible-light communication 
(VLC). A significant side-mode suppression ratio (SMSR) 
of 42.4 dB, an optical power of ~14 mW, and a resolution-
limited linewidth of ~34 pm were obtained under 
continuous-wave operation. A 5-Gbit/s VLC link was 
realized using non-return-to-zero on-off keying (NRZ-
OOK) modulation, whereas a high-speed 10.5-Gbit/s VLC 
data rate was achieved by using a spectral-efficient 16-
quadrature-amplitude-modulation orthogonal 
frequency-division multiplexing (16-QAM-OFDM) 
scheme. The reported high-performance sky-blue DFB-
laser is promising in enabling unexplored dense 
wavelength-division multiplexing (DWDM) schemes in 
VLC, narrow-line filtered systems, and other applications 
where single-frequency lasers are essential such as 
atomic clocks, high-resolution sensors, and spectroscopy. 
Single-frequency emitters at the sky-blue wavelength 
range will further benefit applications in the low-path-
loss window of underwater media as well as those 
operating at the H-beta Fraunhofer line at ~486 nm. © 
2019 Optical Society of America 

http://dx.doi.org/10.1364/OL.99.099999 

The recent advancement of the InGaN-based light-emitting 
diode, superluminescent diode, and laser diode (LD) has shown 
that novel device properties can be explored to satisfy emerging 
needs in the areas of illumination, optical communication, 
biomedical applications, and instrumentation [1–4].  Under this 
context, laser light with a narrow linewidth is attractive, as single 
wavelength emission between 400 nm to 550 nm is important for 
terrestrial and underwater applications, including visible-light 
communication (VLC), atomic clocks, and LIDAR sensing and 
surveying [5–7]. Particularly, VLC has emerged as a technology 

that is capable of providing low-latency, covert, and large 
unlicensed bandwidth for complementing the fifth generation (5G) 
network and beyond [8,9]. A viable VLC system capable of multi- 
giga-bit-per-second (Gbit/s) poised to advance the VLC light-
engine beyond laboratory proof-of-concept and meet the data 
capacity demand of a trunk line; a case in view would be to realize 
a high-power 10-Gbit/s data rate with an individual single-
wavelength LD.  

In order to achieve the single wavelength operation of InGaN 
LDs, various approaches have been investigated. These include 
external cavity optical elements and on-chip Bragg gratings, where 
the recent efforts on developing distributed feedback (DFB) 
gratings have made noteworthy progress. Different types of 
gratings have been reported, including buried grating [10], 
laterally-coupled and sidewall grating [11–13], as well as surface 
[14] and ridge-surface grating [15]. Here, we implemented an on-
chip Bragg grating utilizing a focused ion beam (FIB) for the 
prototype demonstration of a beyond-10-Gbit/s LD incorporating 
a 40th-order DFB surface grating. A narrow linewidth emission at 
~480 nm with a side-mode suppression ratio (SMSR) of up to 42.4 
dB was achieved and thus confirming the effectiveness of our 
approach. A commercial sky-blue (~480 nm) InGaN-based LD, a 
wavelength that has not been explored in the LD-based VLC 
literature, was utilized. Merit arises at the sky-blue wavelength 
range due to its significance in underwater and low-background-
noise applications, including those operated at the H-beta 
Fraunhofer line at ~486 nm [5]. 

The LD consists of an in-plane Fabry-Perot (FP) ridge waveguide 
[16] with a narrow ridge width of ~2 µm and a cavity length of 
~605 µm. The design and fabrication of the DFB grating follows 
the Bragg condition given as [17]: 

 =
 

  ,   (1) 

where Λ is the grating period,  is the order of the grating,  is the 
operating wavelength in vacuum, and  is the effective refractive 
index of the laser diode. A visual representation of the grating is 
shown in Fig. 1(a), where n1, n2, and Λ1, Λ2 represent the refractive 
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