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Orbital angular momentum (OAM) of light 

Shaping the phase profile 

• Versatile, difficult to integrate 
relatively slow 

Integrated OAM lasers 

• Easily scalable, not versatile 

G. Spektor et al., Science 355, 6330 (2017) G.K.L. Wong et al., Science 337,  6093 (2012) 

X. Cai et al. , Science  338, 363-366 (2012) 

J. Wang et al. Nature Photonics 6, 488 (2012) 

D. G. Grier, Nature 424, 810 (2003)  G. Molina-Terriza et al. , Nat. Phys. 3, 305 (2007) 

Spin angular momentum 
(circular polarization) 

Orbital angular momentum 
(phase vortices) 

Can only take 2 values (±ℏ) Unbounded degree of 
freedom (Lℏ) 

Technological relevance of OAM 
 

- Multiplexing classical and quantum information 
- Optical manipulation 
- Improve sensing techniques 



Generating OAM on-a-chip is challenging 

Shaping the phase profile 

Versatile, but  difficult to integrate 

Integrated chiral lasers 

Easily integrable, but not versatile 

Miao et al. Science 353, 464 (2016) Wang et al. Nat. Photon. 6, 488 (2012) 

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 

SLM 

Metasurface 
Circularly 
polarized Very challenging to develop 

devices that are both 
versatile and integrated. 
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Micropillars are the building blocks of our devices 
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In0.05Ga0.95As  
quantum well 

GaAs/AlAs DBR mirror 

MBE-grown microcavity 



S. Michelis de Vasconcellos et al., APL 99, 101103 (2011) Galbiati et al., PRL 108, 126403 (2012) 
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Coupling micropillars to form photonic molecules 
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Hybridized modes 



Emulation of a benzene photonic molecule 

3µm 

Rotational symmetry → eigenstates can be classified 
by their angular momentum 
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Polarization dependence of the hopping energy 

TE-polarized 

TM-polarized 

The coupling strength is greater for photons polarized along the link 
than for photons polarized perdendicularly 

𝜓𝑗  𝜓𝑗+1 

Galbiati et al., PRL 108, 126403 (2012) 

2 µm 



Spin-orbit interaction of light in benzene 
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Spin-orbit interaction of light in benzene 
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V.G. Sala et al. Phys. Rev. X. 5, 011034 (2015) 



Spin-orbit interaction of light in benzene 
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V.G. Sala et al. Phys. Rev. X. 5, 011034 (2015) 



Generating a chiral emission 
by spin-polarizing the gain medium 

Fine structure of the ℓ = 1 manifold 

Highest 
gain 

𝜎+ 



Generating a chiral emission 
by spin-polarizing the gain medium 

Fine structure of the ℓ = 1 manifold 

Highest 
gain 

𝜎− 
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Chiral lasing in the ℓ = 1 manifold 

N. Carlon Zambon, PSJ et al. Nat. Photon. 13, 283 (2019) 
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Retrieving the phase of the chiral emission ( ℓ = 1) 

−2𝜋 +2𝜋 

N. Carlon Zambon, PSJ et al.  
Nat. Photon. 13, 283 (2019) 
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Retrieving the phase of the chiral emission ( ℓ = 1) 

N. Carlon Zambon, PSJ et al.  
Nat. Photon. 13, 283 (2019) 
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Retrieving the phase of the chiral emission ( ℓ = 2) 

N. Carlon Zambon, PSJ et al.  
Nat. Photon. 13, 283 (2019) 



Conclusion 

1- Optically controlling the emission chirality  
in an integrated microstructure; 
 
 
2- Possibility to control distinct values of OAM 
     (L=1 and L=n/2-1) 
 
 
3- Emergence at high excitation power of an optical 
bistability involving modes carrying distinct OAM 
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N. Carlon Zambon, PSJ et al. Opt. Lett. 44, 4531 (2019) 
N. Carlon Zambon, PSJ et al. Nat. Photon. 13, 283 (2019) 



Outline 

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 

Metasurface 
Circularly 
polarized 

1- Designing OAM microsalers with optically controllable chirality 
 
 
 
2- Optical bistability between modes carrying distinct OAM 
 
 
 
3- Conclusion and perspectives 



Region of interest for the optical bistability 

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 

Metasurface 
Circularly 
polarized 

L=2 lasing mode 



Evolution of the emission energy in the bistability region 
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N. Carlon Zambon, PSJ et al. arXiv: 1812.06163 (2018) 



Evolution of the spatial profile in the bistability region 

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 

Metasurface 
Circularly 
polarized 
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N. Carlon Zambon, PSJ et al. arXiv: 1812.06163 (2018) 

H-polarized filtering 

Finite-element 
simulation 

𝑳 = 𝟎, azy. pol. 



Evolution of the spatial profile in the bistability region 

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 

Metasurface 
Circularly 
polarized 
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N. Carlon Zambon, PSJ et al. arXiv: 1812.06163 (2018) 

H-polarized filtering 

Finite-element 
simulation 

𝑳 = 𝟎, azy. pol. 



Evolution of the spatial and phase pattern in the bistability 

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 

Metasurface 
Circularly 
polarized 
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N. Carlon Zambon, PSJ et al. arXiv: 1812.06163 (2018) 
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Modeling the OAM bistability  

Converting polarization to OAM 

Versatile, but  sensible to birefringence 

Devlin et al. Science 358, 896 (2017) 
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𝜎+ excitation Linear excitation  

(a) (b) 

𝜓1 
𝜓1 

𝜓2 

𝜓2 

𝑔1,2 = 𝑔0 1 − 𝜀𝑠𝐼1,2 −𝜀𝑐 𝐼2,1  

𝜀𝑐 > 𝜀𝑠  

Condition for bistability 




