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Vertical-Cavity Surface-Emitting Laser (VCSEL) 

 Advantages 

 Excellent fiber coupling 

 Low power consumption 

 Wafer-scale testing, Low-cost 
fabrication 

 Single longitudinal mode 

 2D Array fabrication 
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New Applications in 3D Sensing  

Rapidly growing to 

B$/year market for 3D 

sensing in smart phones 

and facial recognition 

applications. 
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Optical Communications 

 Wavelength Division 

Multiplexing (WDM) 

 Dense WDM (DWDM) 

 O-band: 1260 nm-1360 nm 

 S-band: 1450 nm-1530 nm 

 C-band: 1530 nm-1565 nm 

 L-band: 1565 nm-1625 nm 

 Shortwave WDM (SWDM4) 

 850 nm - 940 nm 

 Coarse WDM (CWDM) 

 20 nm per channel 

 

 

Optical Coherence 

Tomography 

 Depth Resolution 𝛿𝑧 =
2 ln 2

𝜋

𝜆2

Δ𝜆
 

 50 nm+ for 10 µm resolution 

 100 nm+ for 5 µm resolution 

 Field of View ∝ sweep rate 

 In vivo Optical Coherence Tomography 

 

Tunable VCSEL Applications 

medOCT group, Center of biomedical 
Engineering and Physics, Medical 
University Vienna, Austria. 

Chang-Hasnain, UC Berkeley March 16, 2018 



7 

Electrostatic Tuning of MEMS-VCSEL 

First MEMS Tunable VCSEL  

 940-nm VCSEL; suspended 

cantilever GaAs/AlGaAs DBR 

 Electrostatic tuning ~32 nm, 300 

kHz 

Chang-Hasnain group,  LEOS Conference, post-
deadline, 1994;  M.S. Wu, Electron. Lett. 1995. 

Praevium/Thorlabs 

 Electrically pumped 1060 nm VCSEL 

wiht 63.8 nm sweep 

 𝐼𝑡ℎ~0.5 mA, 𝑃𝑜𝑢𝑡 ~0.4 mW 

 150 kHz sweep rate 

 OCT applications 

D. D. John, et. al, J. of Lightwave Technol. 
(2015). 
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New Design – Tale of Two Cavities 

Semiconductor 

Cavity Dominant 

(SCD) 

Air Cavity 

Dominant (ACD) 
Extended Cavity 

(EC) 

Qiao, Cook, Li, Chang-Hasnain, IEEE JSTQE. 23, 1700516 (2017). 
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Record Tuning Ratio @ 1060 nm 

 Static tuning range spans 1023.2 nm to 1096.3 nm 

 Fractional tuning range Δ𝜆/𝜆 = 6.9%   

73.1 nm 

Chang-Hasnain, UC Berkeley March 16, 2018 

Qiao, Cook, Li, Chang-Hasnain, 

IEEE JSTQE. 23, 1700516 (2017). 
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Conventional Wisdom: Don’t Do it! 

SCD VCSEL with an Airgap ACD VCSEL with an Airgap 

Distance From Air Interface (mm) Distance From Air Interface (mm) 

Chang-Hasnain, UC Berkeley March 16, 2018 

Qiao, Cook, Li, Chang-Hasnain, 

IEEE JSTQE. 23, 1700516 (2017). 
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Resonant Cavity and Optical Confinement 
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The BOOK 
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OFC 2018 
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VCSEL30, December 17-18, 2007, Tokyo, Japan 

VCSEL35, December 11, 2011, Tokyo, Japan 
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VCSEL40 

Communications 
3D Sensing 

OCT & LIDAR 

Tomography Ranging 

Google 

AR & VR 
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Congratulations! 


