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Semiconductor laser usually have multiple lasing modes

2-Dimensional dielectric waveguide

For vertical waveguide

For lateral waveguide

 Inject currents into a small region

Minimize active region thickness

 Ridge/rib waveguide



Optical Power

Single waveguide mode

But multiple lasing mode? 
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Mode separation

With typical semiconductor lasers 
with cleaved facets,  is less than gain bandwidth 
=> multiple lasing modes

 Fabry-Perot laser 2

2 effn L
 



Optoelectronics (17/2) W.-Y. Choi

Lect. 25: Single-Mode Semiconductor Lasers

How to make single-mode laser? 

 sin sin id m    

Incident
light wave

i 

Problem with multi-mode laser?

Modal dispersion even with single-mode fiber 
(refractive index is function of wavelength)

Use -selective mirror: Grating

Remember

For mirror, 90  and 90 ,i    
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How to implement diffraction grating within semiconductor laser?
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Distributed Feedback (DFB) Laser Distributed Bragg Reflector (DBR) Laser 
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Another approach: 
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Make L very small so that 
 larger than gain bandwidth 

Not easy to fabricate by cleavi

gain bandwidth: in the order of 10nm
:  1.5 m

:  3.5 

~ 30 m; 
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Solution: Very short cavity vertical lasers with very high reflectivity mirrors
(VCSEL: Vertical Cavity Surface Emitting Laser)

Contact

Surface emission

Dielectric mirror

Contact

Substrate

/4n1

Active layer

/4n2 Dielectric mirror

P
N

In semiconductor fabrication,
vertical thickness can be
very precisely controlled.

Dielectric mirror can have 
high reflectivity approaching R=1. 
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can be made small 
if  approaches 1.
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VCSELs are cheaper 
because it is more mass-producible
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Review: High-Reflection Coating => Dielectric mirror 

Repeat the quarter-wavelength pair m times.
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Homework
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Homework (continued)


