
Lecture 10 

Scope of the Lecture 
 

1. Semiconductor lasers 
2. DBR, DFB lasers 
3. Vertical cavity lasers 
4. Quantum cascade lasers 
5. Lasers with rare-earth-doped dielectrics 
6. Fiber lasers 
7. Vibronic solid state lasers 
8. Dye laser 

 

Reading: Ch. 9 



Homojunction 

Heterojunction 

- electrons and holes confined 

- optical waveguide 

2kA/cm2 @300K 
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• TE mode better confined 

• Lower laser threshold for TE 

Output polarized in waveguide plane 

DH-LD SCDHMQW-LD 

• Separate confinement 

• Reduce laser threshold 

Fully engineerable structure 
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Semiconductor lasers 
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Ridge lasers 
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High-power semiconductor lasers 
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VCSEL 
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Quantum Cascade Lasers (QCL) 
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Applications of LDs 

Edge emitters 

• High power 

• High electrical-to optical efficiency  

• Relatively poor beam quality 

 

Material processing welding,pump sources for other lasers, 

Telecoms for low-power LDs 

 

VCSELS 

• Good beem quality 

• Difficult to scale up power with electric pumping 

 

Use as a gain material for optically pumped laser (OPSL) 

Chip-to-chip communications, telecoms 

 

DFB, DBR, QCL 

• Narrow lainewidth 

• Long wavelengths possible 

• Low power 

 

Spectroscopy, sensing, optical communications 
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Host dielectrics 

• Glass 
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Dielectric lasers 

• Powers in all classes available 

 

• CW, Q-switched, mode-locked   

 

• From UV (190 nm) to mid-infrared 

 

• High concentration laser media:  

- Compact lasers  

- Efficient pumping with laser diodes 

 

• Applications: all 

• Main lasing species: 

 

Rare-earth ions:  

Er3+: 1.55 µm, 3µm 

Nd3+: 0.94 µm, 1049 nm -1079 µm 

Yb3+: 1 µm – 1.1 µm 

Tm3+: 2 µm – 2.2 µm 

Ce3+: 0.3 µm 

 

Transitional metal ions (vibronic lasers): 

Cr4+:1.2 µm – 1.55 µm 

Cr3+: 0.694 µm-0.9 µm, 1.2 µm – 1.4 µm 

Cr2+: 2 µm – 3 µm 

Ti3+: 0.7 µm – 1.080 µm 

Fe2+: 4 µm – 5 µm 
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Nd3+ active ion 
Lecture 10 



Lecture 10 



Yb3+ active ion 
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Yb3+ active ion 
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Er:Yb system: excitation transfer 

1 = 2F7/2 

2 = 2F5/2 

1 = 4I15/2 

2 = 4I13/2 

3 = 4I11/2 

4 = 4I9/2 

5 = 4F9/2 

7 = 2H11/2 

Yb3+ Er3+ 

6 = 4S3/2 

1.5 
µm 

0.94 µm 

0.55 µm 

1 µm 

8 = 4F7/2 

FT 

BT 

1 µm 

UC1 

UC2 
UC3 

UC4 

0.66 µm 

0.81 µm 
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Er3+ : glass 

Quasi-3-level system 
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Pr3+ active ion 
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Upconversion lasers 

Use Low-phonon-energy hosts, e.g., ZBLAN: ZrF4-BaF2-LaF3-AlF3-NaF. 
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Optical Fibers, intro Lecture 10 
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2D3/2 

2D5/2 
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Some transitional metal  lasers 
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Ti:Sapphire 

Cr:Alexandrite 

Cr:Forsterite 

Cr:YAG 
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Dye lasers 
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