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1. Introduction 
High power 980-nm semiconductor lasers are 

very important as the light sources to pump erbium 
doped optical fiber amplifiers [1].  The cladding 
layers of 980-nm semiconductor lasers are AlGaAs 
layers.  When buried structures are fabricated, Al-
GaAs layers are etched selectively before epitaxial 
regrowth to bury a mesa.  Before the epitaxial re-
growth, the surfaces of the etched AlGaAs layers 
are oxidized easily, and electrical and optical cha-
racteristics are highly degraded.  To avoid these 
degradations, 980-nm semiconductor lasers have 
generally ridge structures to confine lateral modes.  
In the ridge structures, higher-order lateral modes as 
well as the fundamental lateral mode are confined.  
As a result, with an increase in injected current, 
higher-order lateral modes lase; kinks appear in 
their current versus light-output (I-L) curves [2].  
The light output where a kink appears is called kink 
level.  Below the kink level, only the fundamental 
lateral mode oscillates; above the kink level, higher 
order lateral modes oscillate.  Light coupling effi-
ciency to the single mode fiber of the higher-order 
lateral modes is much lower than that of the funda-
mental lateral mode.  As a result, to obtain high 
fiber-coupled optical power, high kink levels or no 
kinks are required. To date, to increase the kink 
levels, coupling of the optical field to the lossy met-
al layers outside the ridge [3], highly resistive re-
gions in both sides of ridge stripe [4], and incorpo-
ration of a graded V-shape layer [5] were investi-
gated. To increase the kink level further, ridge 
structures with anti-guiding cladding layers [6], [7] 
have been proposed.  In Ref. 7, kinks have not ap-
peared, but the threshold current has been large due 
to lateral spreading of the injected current in the 
active layers below the anti-guiding cladding layers.  

In this paper, a ridge-type semiconductor laser 
with selective double-sided anti-guiding and partial-
ly undoped cladding layers is proposed to reduce 
the threshold current.  Since the undoped cladding 
layers have electrical resistance higher than p-doped 
cladding layers.  As a result, lateral spreading of the 
injected current in the active layers below the anti-
guiding cladding layers is suppressed, leading to 
low threshold current. 

Fig. 1 Schematic cross-sectional view of (a) a ridge struc-
ture with selective double-sided anti-guiding cladding 
layers [7] and (b) a ridge-type semiconductor laser with 
selective double-sided anti-guiding and partially undoped 
cladding layers. The shaded areas are undoped.   

2. Laser Structures and Simulations 
Figure 1 shows a schematic cross-sectional view 

of (a) a ridge structure with selective double-sided 
anti-guiding cladding layers [7] and (b) a ridge-type 
semiconductor laser with selective double-sided 
anti-guiding and partially undoped cladding layers. 
The shaded areas are undoped.  Here, S is the space 
between the undoped cladding layers; w is the width 
of the anti-guiding cladding layer; d is the thickness 
of the anti-guiding cladding layer.  The distance 
between the top of the mesa and the top of the upper 
guiding layer is 1.6 μm and the width of the mesa is 
3.3 μm.  The base is 60 μm wide, and the cavity is 
1200 μm long.  Reflectivities of the front and rear 
facets are 2% and 90%, respectively.  
   Layer parameters such as band gap energy, refrac-
tive index, thickness, electron effective mass, hole 
effective mass, and doping concentration are the 
same as those described in Refs. 6 and 7.  Lasing 
characteristics are simulated by using a device si-
mulation software, ATLAS (Silvaco), which solves 
Poisson’s equation and two-dimensional Helmholtz 
equation self consistently with a finite element me-
thod.  

3. Simulation Results and Discussions 
3.1 Size of the Anti-Guiding Cladding Layer 

Figure 2 shows kink levels as a function the 
space S between the undoped cladding layers.  The 
parameter is the width w of the anti-guiding clad-
ding layer. 
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Fig.2 Kink levels as a function of the space S between the 
undoped cladding layers.  Kink-free condition is w≥ 4.0 
μm with 1.32  μm ≤ S ≤ 1.98 μm. 

Fig.3 Threshold current Ith for the fundamental lateral 
mode as a function of the space S between the undoped 
cladding layers.   

The minimum thickness of the p-cladding layer is 
50 nm and the thickness d of the anti-guiding clad-
ding layer is 150 nm.  Kink-free region is indicated 
by a shaded area where the width w of the anti-
guiding cladding layer is 4.0 μm or more for 1.32 
μm ≤ S ≤ 1.98 μm.  Figure 3 shows the threshold 
current Ith for the fundamental lateral mode as a 
function of the space S between the undoped clad-
ding layers.  The parameter is the width w of the 
anti-guiding cladding layer.  The minimum thick-
ness of the p-cladding layer is 50 nm and the thick-
ness d of the anti-guiding cladding layer is 150 nm.  
At w=4.0 μm and S=1.32 μm, the lowest threshold 
current in the kink-free condition is obtained and its 
value is 48.0 mA, which is lower than the minimum 
threshold current of 57.0 mA in Ref. 7.   With an 
increase in w, both  of  kink levels and threshold 
current increase. 

3.2 Minimum Thickness of the p-Cladding Layer 
Figure 4 shows kink levels as a function of the 

minimum thickness t of the p-cladding layer with d 
as a parameter for w=2.0 μm.  Kink-free region, 
which is indicated by a shaded area, is obtained 
with an increase in t.  Figure 5 shows the threshold 
current Ith for the fundamental lateral mode as a 
function of the minimum thickness t of the p-
cladding layer for w=2.0 μm and d=50 nm.   

Fig.4 Kink levels as a function of the p-cladding layer 
thickness t with d as a parameter for w=2.0 μm. 

 
 
 
 
 
 
 
 
 
 
 

Fig.5 Threshold current Ith for the fundamental lateral 
mode a function of the minimum thickness t of the p-
cladding layer for w=2.0 μm and d=50 nm. 
 

In the kink-free condition, the lowest threshold 
current of 46.1 mA is obtained at t =120 nm.  

4. Conclusions 
In a proposed ridge structure with selective 

double-sided anti-guiding and partially undoped 
cladding layers, the minimum threshold current was 
46.1 mA, which is much lower than the minimum 
threshold current of 57.0 mA in Ref. 7. 
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