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Abstract  In this paper, Barlase has been taken a step further by emulating the degradation processes in high 
power semiconductor laser bars using an upgraded version of Barlase by the introduction of a global thermal solver 
to further deepen the understanding of the behaviour of laser bars. In this paper, the emulation of a real laser bar was 
investigated to emulate experimental results by simulating the experimental results in the view of finding a 
correlation between them. The results established show a more elaborate frown shaped power/current profile and a 
corresponding frown shaped temperature profile especially at the front facet of the laser bar. Even though a more 
elaborate frown shaped profile was realised in the power, current and temperature profiles, it fell short from what 
was seen in the experimental results. As the emulation of laser bar degradation has not been attempted before, 
further work is needed to achieve better agreement in the output power, current and temperature profiles to better the 
model. 
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1. Introduction 
High power semiconductor laser diodes have occupied 

the minds of researchers in the last decade due to the 
emerging widespread usage in the fields of medicine, 
industry and in telecommunications [1,2,3]. 

The effectiveness of Barlase has already been 
demonstrated using hypothetical laser bars and published 
elsewhere [4]. In this paper, Barlase is being used in its 
upgraded form by introducing a global thermal solver to 
emulate the degradation processes of a real laser bar with 
16 emitters. This is being done by comparing 
experimental results with the emulation results in order to 
establish a correlation between them. 

This paper gives a further credence to the by-emitter 
degradation analysis technique developed over recent 
years Xia et al. [5,6], Bull et al. [7,8] and Bream et al. [9]. 
This tool is also an addition to the by-emitter analysis 
technique where the effects of certain factors that affect 
the degradation of laser emitters/bars can be investigated. 
The objective of this study is to establish a correlation 
between experimental and emulated results using an 
upgraded version of Barlase to demonstrate the versatility 
of the emulation tool Barlase. 

2. Materials and Methods 
The bar emulation model was enhanced by including a 

global thermal solver (GTS) to model the thermal 
crosstalk between emitters. This was done by alternating 
between the electrical-optical solver applied for each of 
the emitters and the heat diffusion equation applied to the 
entire bar, including the substrate and heatsink. The GTS 
solves the heat flow equation: 

 ( )( )div T grad T Hκ− =  (1) 

where κ  is the thermal conductivity, grad T is the 
temperature gradient and H is the heat source distribution. 
The heat flow equation is also solved using Newton’s 
method Lim et al. [10]. Figure 1 demonstrates the flow 
diagram of the bar emulation tool showing the electro-
opto-thermal communication between the solvers. The 
analysis is initiated at the rear facet and the optical field is 
propagated a distance to the next electrical slice, yielding 
a new photon density distribution. The new photon 
distribution is used to obtain the new carrier and potential 
distributions in the cavity. These new carrier profiles are 
used to update the lateral gain and refractive index 
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distribution for the optical propagation to the next 
electrical slice Sujecki et al. [11]. 

The electrical solver also calculates the heat sources 
from the individual emitter simulations and supplies them 
to the global thermal solver. The heat sources include the 
Joule heating, nonradiative recombination heating, free 
carrier absorption heating and capture heating. The 
thermal distribution is updated by the GTS at each electro-
thermal slice. The GTS calculates the temperature 
distribution for the entire 2D cross-section of the bar by 
solving the heat flow equation (1). The global thermal 
distribution will be saved until the next instance of the 

electrical solver is called at that position. The thermal 
distribution is used to update all the variables in the 
electrical solver, which depend on temperature. These 
include the bandgap energy, the carrier mobilities, gain, 
recombination rates and carrier density. 

The thermal conductivities of the different materials in 
the bar are supplied to the GTS. These materials include 
the epitaxial structure, the heatsink, the metal contacts, 
and the polymer used to fill the etched trenches of the 
ridge-waveguide. Figure 2 shows the top view and the 
transverse cross section of the 975 nm tapered laser bar. 

 

Figure 1. Flow diagram of the global thermal solver showing the electro-optical communication in the bar emulation tool 

…

Heatsink

Laser bar

(a)

(b)  

Figure 2. (a) Top view of bar and (b) transverse cross section of the bar 

The Fox-Li iterations are performed for each emitter 
until convergence is achieved in the output power. The 
operations of the GTS can be summarised as follows: 

•  For each emitter group, electro-optical simulations 
are performed on 1 emitter. 

•  The heat source distribution is calculated and 
supplied to the global thermal solver. Identical heat 
sources are used for each emitter in the group. 

•  The temperature distribution for the entire bar is 
solved and the average temperature for an emitter in 
the group is calculated and fed back to Speclase and 

•  The global thermal solver includes all 64 emitters. 

3. Results and Discussion 
The GTS has definitely brought an improvement in the 

bar emulation model judging from the output 
current/power profiles in Figure 3. Clearly defined frown 
shaped profiles are exhibited by the output current and 
power. However, the maximum variation in power is only 
about 0.75% which is very small compared to 
experimental results ~50-60%. 

Higher currents were drawn and consequently more 
power emitted towards the centre of the bar compared to 
the edge [12], Amuzuvi et al. [13]. The temperature at the 
front facet is higher and has a stronger curvature than at 
the back facet, which is expected (Figure 4). This is 
because the front facet is the part of the laser array which 
draws more current and is more exposed to local heating 
of the laser mirrors [14]. The lifetime of high-quality 
GaAs-based lasers is often no longer limited by failures in 
the bulk semiconductor, but rather by degradation 
processes in the susceptible mirror facets [15]. 

Light absorption (especially at the front facet), and the 
recombination current density increase with temperature, 
due to local thermal shrinkage of the bandgap energy. The 
bandgap shrinkage in turn, is caused by heat from the 
recombination current [16]. Thermal runaway in 
semiconductor lasers (which is as a result of facet heating) 
leads to catastrophic damage and occurs predominantly at 
the front facet. It is generally believed that thermal 
runaway is a positive feedback process initiated by heat 
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created from intense nonradiative recombination [17]. 
This feedback, which occurs at certain output powers, 
leads to a rapid temperature increase that result in local 

melting of the active material and catastrophic damage of 
the laser front facet. 

 

Figure 3. (a) Current and (b) power versus emitter group numbers 

 

Figure 4. (a) Front facet temperature profile of the bar and (b) back facet temperature profile of the bar 

Various experiments, among them facet temperature 
measurements for ultra high-power operation have 
provided evidence that in arrays, the front facets are 
significantly affected by device operation mainly due to 
front facet heating Tomm et al. [18]. Therefore, it is not 
surprising that the front facet as shown in Figure 4a has a 
higher temperature than the back facet in Figure 4b. 

The variations though, in the current and power as 
indicated in Figure 3 is less pronounced than what pertains 
in the experimental results. The reasons for this could be 
investigated in further work on this research. 

4. Conclusion 
Emulation has been attempted for a real bar, whose 

performance and degradation has been characterised in 
detail using by-emitter degradation analysis. Although the 
simulated output power profile did not correspond well 
with the experimental power profile, there was good 
agreement between the total output power of the bar. 
Better correlation was observed between the experimental 
and the simulated temperature profiles. This was expected 
since the experimental temperature was set as input for the 

heatsink temperature profile. The agreement therefore 
must not be over-emphasised. The bar emulation model 
was enhanced by including a global thermal solver to 
model effectively the thermal crosstalk between emitters. 
Emulations using this model showed a clearly defined 
frown shaped profile in the output current and power 
profiles but the change was minimal. As the emulation of 
laser bar degradation has not been attempted before, this 
work is still at a very early stage. Further work is needed 
to achieve better agreement in the output current/power 
profiles to better the model. 
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