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Nanolasers: State of the art

7

• electromagnetically isolated
• sub-wavelength in 3D
• room temperature operation
• continuous wave electrically pumped
• low lasing threshold

Desired nanolaser properties for dense chip-scale integration: 

• Photonic crystal lasers

VCSEL 
on Si

Yang et al. Nat. Photon. 
6, 615 (2012)

Lu et al. Science 
337, 450 (2012)

• Nano-membrane lasers
Painter et al. Science 284, 1819 (1999)

• Nano-wire/rod lasers

• Dielectric disk lasers
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Cavity design: metallic cavity

Metallic-cavity nanolaser

Hill, et al. Nat. Photon., 1, 589 (2007)

100nm

Desired nanolaser properties for dense chip-scale integration: 
 electromagnetically isolated
• sub-wavelength in 3D
• room temperature operation
• electrically pumped
• low lasing threshold

@ 77K
Q = 140

gth ≈ 7x105 cm-1

@ 300K
Q = 48

gth ≈ 3x106 cm-1

material gain 
g = 3000 cm-1

Desired nanolaser properties for dense chip-scale integration: 
 electromagnetically isolated
 sub-wavelength in 3D
x room temperature operation
 electrically pumped
x low lasing threshold
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Optically pumped room temperature nanolaser

13M. P. Nezhad et al, Nature Photonics, 4, 6, 395-399, 2010

300nm electromagnetically isolated
 sub-wavelength in 3D
 room temperature operation 
x electrically pumped
 low lasing threshold



Lasers in Photonic ICs
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Design:
Optical cavity mode

Demonstration:
Electrically pumped laser

Multi-physics design
for electrical pumping:

Optical, electrical, thermal 

Proof of concept:
Optically pumped laserInsertion into 

Photonic ICs

Analysis:
• Modulation speed
• Energy efficiency



Multi-physics design for electrical pumping

15

Optical
Cavity design: λ, Q, gth

T-dependent 
parameters

Electrical
Power dissipation, band diagram, 

heterostructure design

Thermal
• Heat generation & dissipation

• Explore high thermal-conductivity 
dielectric “shield” material
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HCl:H3PO4 = 1:4 HCl:CH3COOH:H2O = 1:4:5 200nm

Before 
InP undercut

HCl:CH3COOH HCl:H3PO4

500nm
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Optical: robust design via InP undercut
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InGaAs

Effect of undercut sidewall angle

Qing Gu et al, IEEE JQE,  Vol. 50, Issue 7 (2014);  Janelle Shane et al, IEEE JQE,  Vol. 51, Issue 1 (2015)
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undercut angle

500nm 

8o−10o

n-InP

p-InP

InGaAs

InGaAs

Effect of undercut sidewall angle

Qing Gu et al, IEEE JQE,  Vol. 50, Issue 7 (2014);  Janelle Shane et al, IEEE JQE,  Vol. 51, Issue 1 (2015)



Multi-physics design with Al2O3 shield

21

SiO2 Al2O3

Thermal conductivity (W∙m-1∙K-1) 1.1 2 - 20
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Electrical  & Thermal
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Material GainElectrical  & Thermal

Rcore = 575 nm

Optical

Qing Gu et al, Nanophotonics, Vol. 4, Issue 1 (2015)
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Lasers in Photonic ICs
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Design:
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Multi-physics design
for electrical pumping:

Optical, electrical, thermal 

Proof of concept:
Optically pumped laser

Analysis:
• Modulation speed
• Energy efficiency

Insertion into 
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spontaneous emission in a cavity
spontaneous emission in free spacePF =

< 1: inhibition

>1: enhancement

[1] Purcell et al,"Spontaneous emission probabilities at radio frequencies.“ Physical Review (1946)

[2] Gérard et al, "Enhanced spontaneous emission by quantum boxes in a monolithic optical 
microcavity." Physical Review Letters (1998)

Literature [1,2]
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• Emitter-field-reservoir model in the quantum theory 
of damping

• If the reservoir (environment) is cavity boundary 
 corresponds to the transparent medium condition

Qing Gu et al, Optics Express, Vol. 21, No. 13 (2013)
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Lasers in Photonic ICs
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Design:
Optical cavity mode

Demonstration:
Electrically pumped laser

Multi-physics design
for electrical pumping:

Optical, electrical, thermal 

Proof of concept:
Optically pumped laserInsertion into 

Photonic ICs

Analysis:
• Modulation speed
• Energy efficiency
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• monolithic
• heterogeneous

III-V/Si integration options 

Olesya Bondarenko et al, Applied Physics Letters, Vol. 103, 043105 (2013)
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Integration of III-V and Silicon

35

• monolithic
• heterogeneous

III-V/Si integration options 

Si substrate

Si SiSi
SiO2

• Large scale (mm scale)
• Low temperature process (< 400 oC) 
• Direct bond between III-V and Si
• No alignment required

Si substrate

III-V
Si

SiO2

Resist

Olesya Bondarenko et al, Applied Physics Letters, Vol. 103, 043105 (2013)
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Si substrate
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Outlook: Coupling light emission to waveguide
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Optically 
pumped 

laser

Design:
Optical cavity mode

Multi-physics 
design

Performance 
analysis

Insertion into 
Photonic ICs

Electrically pumped laser

Summary:
• Nanolaser multi-physics design

• Thermal management

• Performance analysis

• Heterogeneous integration

of III-V/Si



THANK YOU!
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