
Lect. 23: Single-Mode Semiconductor Lasers
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There can be several lasing modes:  several λ’s satisfying above conditions.

- Multiple values for neff if there are multiple waveguide modes
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=> Design for single guided mode.
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TE, TM modes?
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- Multiple cavity modes  LaserOptical Power
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With typical semiconductor lasers with cleaved facets
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λ= > With typical semiconductor lasers with cleaved facets, 
Δλ is less than gain bandwidth => multi lasing modes

Fabry-Perot laser
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Single-mode laser for long-distance, high-speed optical communications?g g , g p p

Use another type of mirror: Grating
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How to implement diffraction grating within semiconductor laser?

Distributed Feedback (DFB) Laser 
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Another approach: Make L very small so that 
Δλ larger than gain bandwidth

g

Δλ larger than gain bandwidth 

gain bandwidth: in the order of 10nm

λ
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:  1.5 m

:  3.5 effn
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Not easy to fabricate by cleavi
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Solution: Very short cavity vertical lasers with very high reflectivity mirrors
(VCSEL: Vertical Cavity Surface Emitting Laser)

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

λ/4n1

Active layer

λ/4n2 Dielectric mirror

P
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very precisely controlled.

Dielectric mirror can have 
hi h fl tivity hi R 1

Dielectric mirror

Active layer
N high reflectivity approaching R=1. 
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Contact

Substrate m can be made small 
if  approaches 1.

L R
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Surface emission VCSELs are cheap 
because it is easy to make.
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Review: High-Reflection Coating => Dielectric mirror 

Repeat the quarter-wavelength pair m times.
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Homework (Optional): Prob. 1 in 2002 Final 
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