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Different sizes of semiconductor lasers

Edge-emitting laser

15W, 1.03m

Innolume (Dortmund)

Wire strip

Heat sink

Top contact

Active layer

End mirror

Heterostructure

10 m x 0.1m



Different sizes of semiconductor lasers

Edge-emitting laser

15W, 1.03m

Innolume (Dortmund)

Wire strip

Heat sink

Top contact

Active layer

End mirror

Heterostructure

10 m x 0.1m

Vertical-cavity surface-emitting laser (VCSEL)

Matrix addressable 

64 x 64 array

Selectively 

oxidized 

VCSELS

Intermeshed 

VCSELs and 

photodiodes

Substrate

Active layer

Bottom DBR

Top DBR

10m x 10m

Oxide aperture
1m



Nanolasers

Defect cavity in photonic crystal

(Courtesy of Willie Luk, Sandia National Labs)

Nano-pillar

(Adapted from a figure by Lu et al., UIUC)
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High -factor lasers
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All emission into single resonator mode

Question: How to verify lasing?
Jin, Boggavarapu, Sargent III, Meystre, Gibbs, 

Khitrova Phys. Rev. A 49, 4038 (1994)
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Setup: Stephan Rietzenstein’ s laboratory, Technical University Berlin



Quantum-dot micropillars
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Sample growth:  Universität Würzburg



Theory: Hamiltonian
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Quantum-dot micropillars: 

experiment & theory
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Quantum-dot micropillars: 

experiment & theory
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Lasing (or not lasing) depends solely on intracavity photon number
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+ + + ...෡𝑶 =Cluster expansion:

Approximation



Inter-QD correlations leading to subradiance, superradiance and giant bunching

𝑑

𝑑𝑡
𝛿 𝑏𝛼

†𝑐𝛼
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𝛼Inter QD correlation:

Necessary for strong 

coupling with Fermions

Inter-QD correlations leading to subradiance, superradiance and giant bunching
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Connecting inter-QD correlation to g(2)(0)

𝑑
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𝛿 𝑏𝛼
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†𝑐𝛽

†𝑐𝛽𝑎 = − 𝛾 + 𝛾𝑐 + 𝛾𝑒 + 𝑖 𝜔𝛼 − 𝜈 𝛿 𝑏𝛼
†𝑐𝛼

†𝑐𝛽
†𝑐𝛽𝑎 − 𝑔𝛽
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Laser and LED material systems
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Laser and LED material systems

Problem

1.5 billion people rely on (cancer causing) 

kerosene for light

80,000 lights distributed to over 64 countries 

Solution: Solar-

powered LEDs

Semiconductor lighting
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Nanolasers for lighting

BMW i8 & 7 series, Audi R8 LMX

Car Tech: ‘How BMW’s new laser 

headlights will work and not kill you.’

Laser headlights



Nanolasers for lighting
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Appl. Phys. Lett. 107, 141107 (2015)

Nanolasers for Solid-State Lighting patent application filed 3/21/2016

Reported in Research Review, Compound Semiconductor Magazine, Dec. 2015

BMW i8 & 7 series, Audi R8 LMX

Car Tech: ‘How BMW’s new laser 

headlights will work and not kill you.’

Laser headlights
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Carrier losses

Pump rate

current or intensity

Radiative
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Pump rate
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Modeling approach
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