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Introduction-
ARROW VCSELs with External Reflector
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Introduction-What is ARROW?
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Introduction-What is ARROW?
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Advantages of ARROW

Suppress high-order transverse leaky 
modes
Control modal polarization
Eliminate secondary pulsation

Influence the effects of optical 
feedback?
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Optical Field Analysis Model
Transfer Matrix Method for ARROW in Cylindrical Structure

Cross sectional view
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Transfer Matrix Method
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Rate Equations for ARROW VCSELs 
with External Feedback

Photon Density
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Two Possible Designs
Method 1: Minimum threshold current (lowest radiation loss for the 
fundamental transverse leaky-mode
Method 2: Maximum Radiation Loss Margin (RLM)
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Minimum Threshold Design

J=6.5 kA/cm2 J=7 kA/cm2 J=8.5 kA/cm2

Bifurcation diagram for an ARROW VCSEL with external feedback 
designed in the minimum threshod approach (d1=12m, s=2.4um, d2=6um)
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Higher radiation loss increases kcrit

Large RLM suppresses higher order transverse leaky-modes 

Maximum Radiation Loss Margin 
Design

Bifurcation diagram for an ARROW VCSEL with external feedback 
designed in the maximum RLM approach (d1=12m, s=2.46µm, d2=3.9µm)
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Conclusion

ARROW can be used to suppress higher order bifurcations and 
chaos in VCSELs due to the structure’s characteristic of strong  
mode discrimination

The design of ARROW with maximum radiation loss margin 
can stabilize high-power single-mode operation of VCSELs 
under the influence of strong external optical feedback.

Large radiation loss margin suppresses the excitation of higher order 
modes at high output powers
The increase in radiation loss of the fundamental mode reduces its 
sensitivity to optical feedback and delay the onset of chaos 
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