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Abstract- This paper reports on improvement of stabil-

ity of the fundamental horizontal transverse mode in a 

ridge-type semiconductor laser by incorporating 

transversal diffraction gratings.  Kinks do not appear 

in current versus light-output curves by appropriately 

designing the number of the grating periods when the 

mesa width is 5 µm. 

I.  INTRODUCTION 

Due to COVID-19 people are obliged to work from 

home and join online meetings.  As a result, capaci-

ty of telecommunications has been running short.  

To overcome this problem, capacity and E/O con-

version efficiency of trunk lines of telecommunica-

tions has to be improved.   

As trunk lines, long-span optical fibers with erbi-

um doped optical fiber amplifiers (EDFAs) have 

been used.  To pump EDFAs, we have utilized high 

power 980-nm semiconductor lasers [1].  In general, 

they have ridge structures to confine horizontal 

transverse modes because their cladding and guid-

ing layers are AlGaAs layers, which are oxidized 

easily during etching process.  The oxidized Al-

GaAs layers degrade electrical and optical charac-

teristics highly.  To avoid these problems, ridge 

structures are adopted.   

In the ridge structures, higher-order horizontal 

transverse modes as well as the fundamental hori-

zontal transverse mode are confined.  Therefore, 

with an increase in injected current, higher-order 

horizontal transverse modes lase; kinks appear in 

their current versus light-output (I-L) curves [2].  

Below the kink level  the light output where a 

kink appears  only the fundamental horizontal 

transverse mode oscillates; above the kink level a 

higher order horizontal transverse mode oscillates.  

The higher-order horizontal transverse modes have 

much lower light coupling efficiency to the single 

mode fiber than the fundamental horizontal trans-

verse mode, which leads to low E/O conversion 

efficiency.   

To achieve high light coupling efficiency to the 

single mode fiber, high kink level or kink-free oper-

ation is needed. To increase the kink level in ridge-

type structures, lossy metal layers [3], highly resis-

tive regions in both sides of ridge stripe [4], incor-

poration of a graded V-shape layer [5], optical an-

tiguiding layers [6], [7], separate confinement of 

carriers and horizontal transverse mode [8], and 

horizontal coupling of horizontal transverse modes 

by a groove in the mesa [9] have been studied.  

In this paper, a ridge-type semiconductor laser 

with transversal diffraction gratings is proposed to 

obtain kink-free operation.  From simulations, it is 

found that kink-free operation is obtained by appro-

priately designing the number of the grating periods. 

II. OPERATING PRINCIPLE AND STRUCTURE 

Figure 1 shows a schematic cross-sectional view of 

the facet of the proposed ridge structure with trans-

versal diffraction gratings.  By utilizing the differ-

ence between the spatial distribution of the funda-

mental horizontal transverse mode and those of 

higher order horizontal transverse modes generated 

by the diffraction gratings, only the fundamental 

horizontal transverse mode is confined in the gain 

region; the higher order horizontal transverse mode 

is located in the loss region.  In Fig.1, W is the mesa 

width, S is the space between the mesa and the dif-

fraction gratings, Λ is the grating pitch, and d is the 

grating depth.  The height of the mesa is 1.55 µm 

and width of the base is 60 µm.   The cavity length 

is 1200 µm.  Power reflectivities of the front and 

rear facets are 2 and 90%, respectively. 

 

 

 

 

 

 

 

 

Fig. 1 Schematic cross-sectional view of the facet of the 

proposed ridge structure with transversal diffraction grat-

ings. 

   Layer parameters are the same as those described 

in Refs. 6-9.  Lasing characteristics are simulated by 

using a device simulation software ATLAS (Silva-

co) in which Poisson’s equations and Helmholtz 

equation are solved with a finite element method. 
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III. SIMULATED RESULTS AND DISCUSSIONS 

Figure 2 shows injected current versus light output 

(I-L) curves when W=5.0 µm, S=426 nm, Λ=428.7 

nm, and d=400 nm.  The parameter is the number of 

the grating periods N at one side of the mesa.  When 

N=20, a kink appears in I-L curve with oscillation 

of the first-order horizontal transverse mode.  When  

N≥ 25, kinks do not exist in I-L curves and only the 

fundamental  horizontal transverse mode oscillates 

up to the injected current of 3 A. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Injected current versus light output curves when 

W=5.0 µm, S=426 nm, Λ=428.7 nm, and d=400 nm.  The 

parameter is the number of the grating periods N.  

Figure 3 shows the threshold current Ith for the 

fundamental horizontal transverse mode as a func-

tion of the grating periods N.  The threshold current 

has the lowest value at N=40 where overlapping of 

the optical field and the optical gain is the largest. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Threshold current Ith for the fundamental horizontal 

transverse mode as a function of the number of the grat-

ing periods N at one side of the mesa. 

Figure 4 shows the near field patterns (NFPs) for 

the fundamental horizontal transverse mode when 

the injected current I is 1 A where kink appears 

when N=20; kink does not exist when N≥ 25.  The 

NFPs almost overlapped with FWHM=3.0 µm, irre-

spective of existence or non-existence of kink. 

Figure 5 shows the NFPs for the first-order hori-

zontal transverse mode when I =1 A.  When N=20 

the NFP for the first-order horizontal transverse 

mode exists in the gain region; when N= 25 the 

NFP exists in the loss region, leading to kink-free. 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Near field patterns for the fundamental horizontal 

transverse mode. 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Near field patterns for the first-order horizontal 

transverse mode. 

IV. CONCLUSIONS 

To improve kink levels, a ridge-type semiconductor 

lasers with transversal diffraction gratings was pro-

posed and simulated.  It is found that kinks do not 

appear by designing the number of the grating peri-

ods appropriately when the mesa width is 5 µm. 
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