
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Giant Two-Mode Non-linearity Using a Single Quantum Dot Embedded in a Photonic
Wire.

Nguyen, H.A.; Grange, T.; Reznychenko, B.; Yeo, I. ; de Assis, P.L.; Tumanov, D.; Fratini, F.; Malik, N.S.;
Dupuy, E.; Gregersen, Niels
Total number of authors:
14

Publication date:
2018

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Nguyen, H. A., Grange, T., Reznychenko, B., Yeo, I., de Assis, P. L., Tumanov, D., Fratini, F., Malik, N. S.,
Dupuy, E., Gregersen, N., Auffeves, A., Gerard, J. M., Claudon, J., & Poizat, J. P. (2018). Giant Two-Mode Non-
linearity Using a Single Quantum Dot Embedded in a Photonic Wire.. Paper presented at 20th International
Conference on Superlattices, Nanostructures and Nanodevices, Madrid, Spain.

https://orbit.dtu.dk/en/publications/379e3066-7a7c-467d-9661-0a2c5ef6508d


Giant Two-Mode Non-linearity Using a Single Quantum Dot 

Embedded in a Photonic Wire 
 

H.A. Nguyen1, T. Grange1, B. Reznychenko1, I. Yeo1,2, P.L.  de Assis1, D. Tumanov1,     

F. Fratini1,  N.S. Malik2, E. Dupuy2, N. Gregersen3, A. Auffèves1,  J.M. Gérard2,  J. Claudon2,  

J.P. Poizat1 

 
1 Université Grenoble-Alpes, CNRS, Institut Néel, France  

 2 Université Grenoble-Alpes, CEA, INAC-PHELIQS, France 
3 Department of Photonics Engineering, DTU Fotonik, Kongens Lyngby, Denmark 

 

Optical logic down to the single photon level holds the promise of data processing 

with a better energy efficiency than electronic devices. In addition, preservation of quantum 

coherence in such logical components would enable optical quantum logical gates. Optical 

logic requires optical two-modes non-linearities to allow for photon-photon interactions. Non-

linearities usually appear for large intensities, but discrete transitions in a well coupled single 

two-level system allow for giant non-linearities operating at the single photon level.  

This is achieved by engineering what has been coined a "one-dimensional atom", 

wherein a light emitter is predominantly coupled to a single propagating spatial mode. Here 

we take advantage of the large coupling efficiency and the broadband operation of a photonic 

wire containing a semiconductor quantum dot (QD) to implement a two-mode non-linearity 

using two different optical QD transitions. Our system is made of a single InAs QD embedded 

in a GaAs tapered photonic wire (fig. 1a). This system, in which the QD is efficiently coupled 

to a single guided mode, has been exploited to realize ultrabright single-photon sources [1]. 

We exploit here its broad operation bandwidth (>100 nm around 950 nm) to efficiently 

address two different transitions of the QD with two different laser beams to implement a 

two-color giant non-linearity: a weak probe laser has its reflectivity controlled by a few 

photons of the control laser [2]. 

 

 

   
 

Fig. 1. a, A single InAs QD embedded in a GaAs waveguide. The thre-level system is made 

of the excitonic (X) and the biexcitonic (XX) transitions. The  parameter is the fraction of 

light emitted by the QD that is guided by the wire. b, The probe (upper transition) reflectivity 

is displayed as a function of the control (lower transition) power for a probe power of 0.5 nW 

(solid squares) and 2.6 nW (empty circles).  
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