
 
 

 
Abstract— Parameters of two-element, index-guided laser 

structure providing single–mode operation at high power are 
found numerically. 3-D numerical code has been implemented, 
which takes into account carrier diffusion in the quantum well, 
edge radiation losses and thermal lens effect. Within the 
simulation, higher-order optical modes on a ‘frozen background’ 
are computed. The onset of threshold for higher-order modes 
puts an upper limit on the range for stable, single-mode 
operation. Then, for the 5 μm-core and 2 mm-length device, 
stable, single-mode operation up to Watt-level output power is 
predicted with laser efficiency growing as a function of drive 
currents.  
 

I. INTRODUCTION 
There is an increasing need for single-spatial-mode, 

0.98 μm-emitting semiconductor lasers with reliable cw output 
powers in excess of 1 W for applications such as pumps for 
rare-earth-doped fiber amplifiers (in fiber-optical 
communications) and free-space communications. Common 
positive-index-guided devices are limited by thermally 
induced kinks to stable, single-mode operation up to the 
800 mW-1 W cw range. Such devices have relatively small 
lasing-spot (lateral) widths: 4-5 μm. In turn, that limits the 
reliability of fully facet-passivated devices (due to bulk 
degradation) to around 700 mW. However, conventional 
devices of ~10 μm-wide lasing spot suffer from the 
appearance of additional lasing modes that cause degradation 
in optical-beam quality. The mechanisms responsible for the 
onset of such multimoding are well known: gain spatial hole 
burning (GSHB) and self-focusing/defocusing associated with 
carrier- and thermally-induced index variations.  

An idea to fight against this phenomenon is to design 
hetero-structure in order to invert fundamental mode profile – 
replace maximum at the center by a minimum. Then, thermal 
lens leads to flattening of mode’s profile, which increases 
stability against the GSHB [1]. To realize this idea, parameters 
of the hetero-structure should be carefully selected. We 
demonstrate numerically in this work an example of two-
element, index-guided laser structure that its parameters 
properly selected can provide high stability of single-mode 
operation. 

II. NUMERICAL MODEL 
Overviews of different approaches for modeling diode lasers 

can be found in [2, 3]. The optical subroutine of a model 
employed here is described in detail in [4]. Wave field in a 
laser is described by the scalar Helmholtz equation. The beam 
propagation method has been chosen. The Helmholtz equation 
solver is realized in wide-angle approximation of Ref. [5] for 
counter propagating beams with amplitudes E+ and E–. 
Standard boundary conditions (reflection of the beam) are 
imposed at the end facets. The PML boundary conditions [6] 
for vertical and lateral boundaries have been implemented. 

For describing the interaction between the wave field and the 
carriers in the quantum well (QW) we use an approach based 
on the 1D diffusion equation [2] for the carrier density N: 
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coordinate, Ntr is the carrier number density for conditions of 
QW transparency, D is the carrier diffusion coefficient, τnr is 
the non-radiative recombination time, B is the spontaneous 
emission coefficient, j is the drive-current density, q is the 
electron charge, dw is the QW thickness, jtr is the drive-current 
density at the transparency conditions, Is is the saturation 
intensity, and hc λ  is the energy quantum. The gain 
coefficient g as a function of N was approximated by a 
logarithmic-type approximation [7] containing a gain 
parameter 0Ng . Description of the thermal subroutine for 
computing temperature spatial distribution is given in [7]. 
Heating rate terms include the ohmic loss and the 
thermalization effect of electrons and holes in the QW. The 
refraction index n includes thermal variations and non-linear 
term within the QW [7]. The thermo-optic coefficient was 
taken equal to 3⋅10-4 K-1. 

Fox-Li iteration method is implemented to find an 
oscillating mode self-consistently with the spatial temperature 
profile and carrier density distribution at a prescribed drive-
current profile in the QW plane. 
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To calculate a critical drive level, at which additional modes 

appear, the numerical code incorporates a subroutine, which 
calculates a set of competing modes using gain and index 
variations produced by the oscillating mode. The modal gains 
of the competing modes grow with drive current due to the 
GSHB and thermal lens effects, and overcome the threshold at 
some current level. The corresponding linear eigen-value 
problem is solved by the Arnoldi method [8] which finds a set 
of optical modes. 

 

 

III. RESULTS AND DISCUSSION 

Schematic representation of the two-element, index-guided 
structure is shown in Fig. 1. The injected current was assumed 
for the numerical simulations to be distributed uniformly 
across the core of wide d. The transverse structure is of the 
separate-confinement-heterostructure (SCH)-type, with one 
quantum well, and is designed to have a low transverse 
optical-mode confinement factor, Γ ~ 1 % for reduced GSHB 
and subsequent increased high-power, single-mode capability 
[9]. The mirror’s reflectance and parameters entered into the 
carrier-diffusion equation (1) were set as follows: r1=0.95, 
r2=0.01 for the device length L=2 mm, r1=0.995, r2=0.631 for 
L=0.2 mm, jtr=50 A·cm-2, g0N=2200 cm-1, B=1010 cm3s-1, R=2, 
τnr=1 ns, D=100 cm2s-1, dw=8.5 nm. The boundary conditions 
in thermal subroutine reflect three thermally isolated facets 
and fixed temperature on cooler side. 

We expect that the device length weakly influences on its 
modal properties. Purposely to reduce computational costs, the 

parameters search was performed for the device of L=0.2 mm 
with mirrors’ reflection coefficients ensuring self-similarity 
[4].  

Our purpose is to find s, t parameters providing gain/loss 
balance for the fundamental guided mode better than for the 
leaky mode. Such conditions, in terms of the effective index 
[2], were found analytically in [1]. Series of calculations for 
short devices demonstrated that t=0.1 μm and s values 
between 0.6 and 1.0 μm lead to the fundamental guided mode 
dominance. A laser power vs drive current for a device of 
0.2 mm length, s=0.6 μm, and d=5 μm is shown in Fig. 2. In 
contrast to conventional devices, this power rises accelerated 
up to the drive current J=280 mA (current density is 
28 kA/cm2, maximum temperature increment is 26.3 K, output 
power is 251 mW). The fundamental mode width is about 
8 μm. Higher-order modes calculations confirm that there is 
no trend for these modes to approach the threshold.  

Further search of optimal device parameters gives the 
following results for the 2 mm-length device with t=0.1 μm, 
s=1 μm, d=8 μm. At the drive current 2.64 A the output 
single-mode power achieved 2.46 W, the maximum 
temperature rise was 21.3 K. 
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Fig. 2. Output power vs drive current, t=0.1 μm, s =0.6 μm, L=0.2 mm. 
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Fig. 1. Schematic drawing of two-element, index-guided active zone.  
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