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1. Introduction 

High power 980-nm semiconductor lasers are used as 
pumping sources of erbium doped optical fiber amplifiers 
and contribute to wavelength division multiplexing optical 
fiber communication systems [1]. To reduce the number of 
pumping sources and to improve performance of optical 
fiber communication systems, higher light output power is 
desired for 980-nm semiconductor lasers. Generally, 
980-nm semiconductor lasers have ridge structures so as 
not to expose their active regions to air during their fabrica-
tion processes. With an increase in injected current, kinks 
appear in current versus light-output (I-L) curves [2]. These 
kinks are associated with lasing in higher order transverse 
modes, which is attributed to changes in local gain profile 
and refractive index due to spatial hole burning, free carrier 
plasma effect, and heating. Slope efficiency and fiber cou-
pling efficiency above kink levels are lower than those be-
low kink levels. Therefore, higher kink levels are needed to 
achieve lasing in the fundamental transverse mode with 
high light output power maintaining high slope efficiency 
and high fiber coupling efficiency. Up to now, to increase 
kink levels, coupling of the optical field to the lossy metal 
layers outside the ridge [3], highly resistive regions in both 
sides of ridge stripe [4], and incorporation of a graded 
V-shape layer [5] have been studied.  Recently, a novel 
ridge structure with optical antiguiding layers has been pro-
posed by the authors [6].  

In this paper, dependence of lasing characteristics of the 
ridge structure with optical antiguiding layers on the mesa 
width W is analyzed. It is found that kink levels are en-
hanced with a decrease in W by suppressing spatial hole 
burning and lowering optical gains for higher order trans-
verse modes to the center of the active region. Also, thresh-
old current is decreased by concentration of injected current 
into the active region below the mesa. 

2. Laser Structure and Device Simulation 
Figure 1 illustrates schematic cross-sectional views of (a) 

a conventional ridge structure and (b) the ridge structure 
with optical antiguiding layers for horizontal transverse 
modes. In Fig.1, Δt is a step in the guiding layer, and d is a 
distance from the bottom of the mesa to the bottom of the 
upper guiding layer. It should be noted that this step Δt 
leads to antiguiding effect. Rectangular mesa width is W, 
the bases are 60 μm wide, and the cavities are 1200 μm 
long. Reflectivity of the front facet and reflectivity of the 
rear facet are 2% and 90%, respectively. In the ridge struc-
ture shown in Fig.1 (b), due to the optical antiguiding lay-
ers with thickness of t0 + Δt for horizontal transverse modes 

at both sides of the mesa, optical confinement of higher 
order transverses modes to the center in the mesa is weak-
ened and the modal gain of higher order transverse modes 
decreases. As a result, it is expected that oscillations of 
higher order transverse modes are suppressed even when 
injected current is high.  In this paper, the step in the guid-
ing layer Δt at both sides of the mesa is 50 nm. As shown in 
Fig.1 (b), undoped guiding layers below the mesa are thin-
ner than those in side regions. Therefore, it is expected that 
the injected current efficiently flows into the active region 
below the mesa, and spreading of the injected current into 
the side regions is suppressed. 

 
 
 
 
 
 
 
 
 
Fig.1  Schematic cross-sectional views of (a) a conven-
tional ridge structure and (b) the ridge structure with optical 
antiguiding layers for horizontal transverse modes.  

 
 
 
 
 
 
 
 

 
Fig.2  Energy level diagram of the conduction band in the 
vicinity of the active region. 

Figure 2 shows an energy level diagram of the conduc-
tion band in the vicinity of the active region in Fig.1, which 
is the same as that in [7]. The active region has a sepa-
rate-confinement heterostructure (SCH) with Al0.1Ga0.9As 
barrier layers, an Al0.03Ga0.97As barrier layer, and double 
In0.2Ga0.8As strained quantum well (QW) active layers. In 
Fig.2, the guiding layers, barrier layers, and active layers 
are undoped to suppress internal optical loss due to free 
carrier absorption.  Lasing characteristics are analyzed 
without including any thermal effects by using a device 
simulation software, ATLAS (Silvaco). 
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3. Simulated Results and Discussions 
Figure 3 shows electron concentration distributions in 

the active layers as a function of the distance from the cen-
ter of the mesa in a horizontal direction for (a) Δt = 0 nm 
and (b) Δt =50 nm when d=250 nm and the injected current 
I=120 mA, which is below the threshold current for the first 
order transverse mode. The parameter is the mesa width W. 
As shown in Fig. 3 (a) and (b), spatial hole burning is de-
creased with a decrease in W.  Also, for Δt = 50 nm, spa-
tial hole burning is less significant and the electron is more 
concentrated in the center of the mesa than for Δt = 0 nm.  
Therefore, it is expected that more stable single transverse 
mode oscillations and lower threshold current are obtained 
with a decrease in W for Δt=50 nm than for Δt=50 nm.  
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(b) 
Fig.3   Electron concentration distributions in the active 
layers for (a) Δt = 0 nm and (b) Δt =50 nm when d=250 nm 
and the injected current I=120 mA. The parameter is the 
mesa width W. A solid line, a long-dashed line, a dashed 
line, and a short-dashed line correspond to W = 2.5, 3.3, 4.0, 
5.0 μm, respectively. 

 
Figure 4 shows kink level as a function of the mesa 

width W. Open marks and closed marks correspond to d = 
250 and 300 nm, respectively.  The kink level monotoni-
cally increases with a decrease in W and the kink level for 
Δt =50 nm is much higher than that for Δt = 0 nm. For W = 
2.5−5.0 μm with d = 250 nm, the kink level increases from 
70.2 mW to 502 mW when Δt =50 nm, while the kink level 
increases from 47.5 mW to 216.5 mW when Δt =0 nm. Es-
pecially, for W = 2.5 μm with d = 300 nm, the kink does 
not appear when I is up to 2 A.  

Figure 5 shows threshold current for the fundamental 
transverse mode Ith as a function of the mesa width W. 
Open marks and closed marks correspond to d = 250 and 
300 nm, respectively.  The threshold current Ith mono-

tonically decreases with a decrease in W and Ith for Δt =50 
nm is lower than that for Δt = 0 nm. For W = 2.5−5.0 μm 
with d = 250 nm, Ith decreases from 59.8 mA to 45.8 mA 
when Δt =50 nm, while Ith decreases from 63.8 mA to 49.7 
mA when Δt =0 nm.  
 
 
 
 
 
 
 
 
 
 
Fig.4  Kink level as a function of the mesa width W. Open 
marks and closed marks correspond to d = 250 and 300 nm, 
respectively. 
 
 
 
 
 
 
 
 
 
 
Fig.5  Threshold current for the fundamental transverse 
mode Ith as a function of the mesa width W. Open marks 
and closed marks correspond to d = 250 and 300 nm, re-
spectively. 
 
4. Conclusions 

In summary, dependence of lasing characteristics of the 
ridge structure with optical antiguiding layers on the mesa 
width W was analyzed. It was found that the threshold cur-
rent and kink levels are improved, with a decrease in W. 
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