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Nanolasers

Nano-pillar

Defect cavity in photonic crystal

(Courtesy of Willie Luk, Sandia National Labs)

(Adapted from a figure by Lu et al., UIUC)
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High B-factor lasers

Spontaneous emission into lasing mode

Spontaneous emission factor: B = —
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High B-factor lasers

Spontaneous emission into lasing mode

Spontaneous emission factor: B = —
Total spontaneous emission

Most lasers B «1
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Limiting case: =1
All emission into single resonator mode

. : : Jin, Boggavarapu, Sargent lll, Meystre, Gibbs,
Question: How to verify lasing? Khitrova Phys. Rev. A 49, 4038 (1994)
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Quantum-dot micropillars

upper DBR

lower DBR

o F— QDS

5

EHT= 1.30kV WD= 82mm Date :9 Jun 2016 10 pm EHT = 1.30 kV WD = 54 mm Date 19 Jun 2016
Signal A= SE2 StageatT= 00° Time :10:59:23 4 Signal A = SE2 StageatT= 0.0° Time :11:17:42 RS

Sample growth: Universitat Wirzburg



Theory: Hamiltonian
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Quantum-dot micropillars:
experiment & theory
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Quantum-dot micropillars:
experiment & theory
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Consolidation of data
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Lasing (or not lasing) depends solely on intracavity photon number
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Equations of motion: population dynamics and correlations
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Inter-QD correlations leading to subradiance, superradiance and giant bunching

Single-particle: pe = (blcla) ng = (cley) ng = (blbg) n, = (ata)

Inter QD correlation:  §(blclc,b,) = (blclc,b,) — 84onInd
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Connecting inter-QD correlation to g(0)
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Energy gap (eV)

Laser and LED material systems
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Energy gap (eV)

Laser and LED material systems
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Semiconductor lighting

Problem
1.5 billion people rely on (cancer causing)
kerosene for light

Solution: Solar-
powered LEDs




Nanolasers for lighting

Laser headlights

LED LOW BEAM LED HIGHBEAM LED HIGHBEAM WITH LASER LIGHT

BMW i8 & 7 series, Audi R8 LMX

Car Tech: ‘How BMW'’s new laser
headlights will work and not kill you.’



Nanolasers for lighting

Laser headlights

o Nanolaser array
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Car Tech: ‘How BMW’s new laser 103 102 10 103
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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
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What determines lasing

Summary
Why look at g®(0)

3
Optical cavity Active medium o ¢ _ _
Q1 Ba aabsorption’--- nl 'YSRH, T]_, T2, 80, 25 i /.SUpel’I’adlance tO IaS|ng
\ [ ~ 2 F Normal
,S} -~ lasing
o
_ 1.5 F
Intracavity photon
number in lasing mode
S }
?
05 1 1 1 1 1 1
102 1 102
Laser? Non laser? Intracavity photon number
Contributors: Universitat Wirzburg TU Berlin Bremen University Sandia National Labs
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Stephan Reitzenstein

Details: “Emission from quantum-dot high-f3 microcavities: transition from spontaneous emission to lasing
and the effects of superradiant emitter coupling,’ Light: Science and Applications (2017) 6, e17030.
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Modeling approach
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