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Abstract: A detailed statistical investigation of the threshold current, slope efficiency, far field 
and near field changes associated with degree-of-polarization reduction of high-power laser 
diodes is reported. These changes can be a useful metric for laser device optimization aimed to 
polarization multiplexing applications, well beyond the simple degree-of-polarization 
measurements. 

1 Introduction 
The Degree of Polarization (DOP) of optical beams emitted by High-Power Lasers Diodes (HPLD) is of 

utmost importance for multi-emitters exploiting the high brightness Polarization Multiplexing (PM) technique 
with Polarization Beam Combiners (PBC) and Half Wave (HW) rotators [1], see Fig.1. For mainly TE-polarized 
laser diodes the DOP is defined as: 

 
 

where PTE and PTM are respectively the TE-polarized and TM-polarized optical power. 

 
The intrinsic DOP of a HPLD can be very high, due to proper active material design by maximizing the TE/TM 
gain ratio, however, the DOP of mounted HPLD can be significantly reduced by unavoidable mechanical stresses 
[1, 2]. Beyond the straightforward detrimental effect on the multi-emitter total power, being the DOP a main factor 
of the overall yield, see Fig. 1(a), the DOP reduction implies less evident but important effects on the overall laser 
characteristics, which are the focus of this paper. Both the L-I characteristic (threshold current and slope 
efficiency) and the beam properties (near-, far-field) are indeed significantly affected by DOP reduction and the 
analysis of the relevant changes could be of general interest for investigation of stress-induced photo-elastic effect 
on laser diodes. 

 

2. Results and discussion 

The HPLD addressed in this paper are broad area semiconductor lasers with epitaxial structure similar to 
that reported in [3]. A compressively strained InGaAs single quantum well active layer, embedded between a 

  
 

Figure 1: (a) PM scheme 
with a PBC and a HW. (b) 
250W multi-emitter based 
on PM of two set of the 
HPLD investigated here. 

Figure 2: Drawing 
of a mounted 
HPLD and relevant 
stress component 
calculation. 

Figure 3: Measured effects of 
stress-induced DOP reduction on 
laser characteristics: (a) threshold 
current increase, (b) slope efficiency 
decrease. 
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AlGaAs graded-index heterostructure, produces a laser beam at 976nm with a DOP nearly 1. This high intrinsic 
DOP can be however reduced by mechanical stresses induced by chip fabrication (dielectrics, metals) and chip 
mounting on carriers, through the photo-elastic effect [2]. Mechanical stresses are enhanced by chip morphology 
and can be particularly high on waveguide edges, see Fig. 2 in which the result of a COMSOL Multiphysics® 

simulation for the xy stress component is shown. The mechanical stress translates in an anisotropic refractive 
index change, through the photo-elastic tensor, which in turn determines the polarization change of the optical 
field within the active cavity, causing a DOP reduction [4]. This polarization change of the optical field is 
equivalent to an internal loss producing an increase of the laser threshold current and a decrease of the slope 
efficiency, see Fig. 3. The laser beam shape is also significantly affected by DOP reduction. Fig 4(a) shows the 
slow axis far field (FFSA) increase by about 13% for similar devices with different DOP (0.85, 0.97). Fig. 4(b) 
shows the polarization-resolved slow axis near field (NFSA) changes for many devices with different DOP, ranging 
from 0.86 to 0.98. In particular, the TM-polarized NFSA, on the left, shows sharp peaks at the waveguide edges 
when the DOP is high and spreads to the whole waveguide, about 200µm wide, when the DOP is decreasing; 
while the TE-polarized NFSA, on the right, shows an increase of optical filamentation with DOP decreasing. These 
effects, due to different mode excitation of the multimode lateral waveguide, are highlighted in the top contour 
plots with the dashed white lines, as a guide for the eye. The bottom images refer to single NFSA acquired for high 
DOP (H) and low DOP (L) devices and clarify the NFSA. shape discussed above. The TM-polarized NFSA 
represents a map of the mechanical stress on the device and can be very useful in the development of high-DOP 
HPDL, by optimizing chip dielectrics, metals, shape, mounting process and carrier structure. It is worth underlying 
that, being the mechanical stress a random effect, all the images shown here refer to statistical measurements of 
ideally equivalent devices and the result significance was demonstrated by using statistical inference tests.  

 

 

3. Conclusion 

DOP reduction effects on electro-optic and laser beam properties of HPLD have been extensively investigated 
using a statistical approach on many hundreds of devices. Measured results have been validated by statistical 
inference tests and can be very useful in the high-DOP device optimization, by identifying and reducing residual 
mechanical stresses. 

 

4. References  

[1] R. Morohashi et al., “High polarization purity operation of 99% in 9xx-nm broad stripe laser diodes”, 
Proc. SPIE, vol. 10514, High-Power Diode Laser Technology XVI, 10514B (2018) 

[2] M. A. Fritz and D. T. Cassidy, “Photoelastic effect from die bonding of diode lasers”, Appl. Optics, 
vol. 43, no. 1, pp. 160-166 (2004)  

[3] R. Paoletti et al., “Wavelength-stabilized DBR high-power diode laser”, J. Phys. Photonics, vol. 2, 
014010 (2020) 

[4] M. Huang, “Stress Effects on the Performance of Optical Waveguides”, International J. of Solids and 
Structures, vol. 40, p. 1615–1632 (2003)  

Acknowledgements 
The authors would like to thank the whole Diode Fab staff of Convergent Photonics for the technical assistance with the 
fabrication, assembly and characterization of the laser diodes presented here. 

  
Figure 4: Measured effects of DOP reduction on: (a) slow axis far field, (b) slow axis near field.  
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