
Enhancing Semiconductor
Laser Performance
Using 3D-Printed 
Microlenses Melanie Murillo
D. K. Serkland, B. Kaehr, M. A. Gallegos, G. M. Peake, 
M. G. Wood, A. J. Grine, T. J. Morin, C. R. Tait, K. M. 
Geib

Sandia National Laboratories is a multimission laboratory managed and operated by National 
Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell 
International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration 
under contract DE-NA-0003525.

SAND2020-11990C

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.



Motivatio
nImprove performance of Vertical-Cavity Surface-Emitting Lasers 

(VCSELs) 



What is a 
VCSEL?Semiconductor laser

• Small size (μm)
• Easily fabricated
• Low threshold current 

(1mA)
• Round beam shape
• Low output power (<2mW)
• Frequency noise (>20MHz)
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How does it 
work?Light oscillates in the cavity causing the active region to 

lase
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Improve Output 
PowerExceed 2mW limit without sacrificing beam shape or 

linewidth 
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3D Microlenses as External 
Reflectors3D microlenses simplify testing process

SEM of 3D-Printed 
Microlens

Accuracy: < 0.2μm

Radius of Curv. = 
200μm

Reflectivity = 
50%



Experimental Design
Mounting microlenses on translation stage above 
VCSEL
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Experimental Execution
3D microlens positioned above lasing VCSEL 

Microlenses in Focus VCSELs in Focus



Experimental Execution
3D microlens positioned above lasing VCSEL 

Aligning lens with VCSEL and adjusting height drastically improves output 
power
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