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 Semiconductor laser basics



SCL history 3

C. Masoller, Semiconductor lasers: physics, dynamics, and applications, 2013



Laser diode evolution 4



Main applications 5



For telecom & IT applications 6



For high power applications 7

• One laser diode produce ＞ 1 W power



SCL market 8



Why are SCL so successful? 9



Comparison with a 2-level system 10



Electronic recombination/generation (R/G) 11

 Spontaneous emission, (carrier R)

Incoherent, the rate Rsp is proportional to N*Psp

 Stimulated absorption (carrier G)

 Stimulated emission, coherent (carrier R)

Coherent, the net rate (R21-R12) is proportional to NP*(N-Ntr), R21=R12 at transparency (Gain is zero, in 

contrast to the threshold, gain=loss).

 Nonradiative carrier R

Induced by defects, surfaces, and interfaces, interact with phonon, the rate proportional to N;

Induced by Auger recombination, the energy is transferred to a third carrier, the rate proportional to N3;



Optical transitions 12



Homostructure SCL (1st generation) 13

 Forward bias reduces the potential barrier, and thus the electrons move to the p-doped 

side while holed move to the n-doped side.

 Meanwhile, there is an active region near the depletion layer that contains simultaneously 

holes and electrons (in the same spatial region).

 In the active region, population inversion is achieved. 

 The population inversion leads to the stimulated emission.



Homostructure SCL 14

 The forward bias voltage is greater than the band gap eV>Eg.

 The quasi-Fermi levels is pulled into the conduction band and the valence band.

 The separation between EFn and EFp equals to the applied potential energy.

 The built-in potential barrier becomes almost zero. 



Homostructure SCL 15

 For Eg<ΔE<EFn-EFp, the electron density in the conduction band Nc is more 

than that in the valence band Nv, the population inversion ΔN=Nc-Nv>0, the 

gain is positive.

 For ΔE=EFn-EFp, the electron density Nc=Nv, so ΔN=0, the gain is zero.

 For ΔE>EFn-EFp, the electron density Nc<Nv, so ΔN<0, the gain is negative 

(absorption).



Double heterostructure SCL (2nd generation) 16

 The double heterostructure confines carriers in the active region, and thus 

improves the interaction efficiency between electrons and holes. 



Double heterostructure SCL 17

 The DH forms transverse confinement 
for both carriers and photons.

 The cleaved facets act as the mirrors 
(R=30%).

 The in-plane waveguide and the 
perpendicular mirrors form the 
resonant cavity.

 In the separate confinement  In the separate confinement 

heterosturcture (SCH), a thin 

well (10 nm) confines the 

carriers, while a separate 

confinement region confines 

the photons.



Edge-emitting laser and VCSEL 18

 Edge emitting laser: the light beam is parallel to the active region. The cavity 

mirror is formed by the cleaved facet.

 Vertical cavity surface emitting laser (VCSEL): the light beam is perpendicular 

to the active region. The mirror is formed by a multilayer reflective stack.
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 Practical laser must emit light in a narrow beam, so lateral patterning of the active 

region is necessary. The lateral (y) dimension is on the order of a few microns. 

Edge-emitting laser and VCSEL

 The optical waveguide is sufficiently narrow to support only a single lateral mode, 

but sufficiently wide to support a relatively small diffraction angle, for coupling 

with optical fibers.

 For VCSELs, mutimode (lateral) is desirable for multimode fiber communications.



Epitaxial growth technology 20
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Fabrication techniques 22
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