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ABSTRACT: 
  This paper presents the coherent light propagation effects 
in various semiconductor systems, including planar photonic 
crystals and micropillars.  
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INTRODUCTION : 
The ability to couple waveguides 
and cavities offers exciting 
opportunities for integrated 
quantum optical devices using 
solids.[1-3] In particular, planar 
photonic crystals offer a 
technology platform, where 
quantum bits ( qubits ) can be 
manipulated from quantum dots 
(QDs) placed on 
field antinode positions within the 
cavity or waveguide.[4-
6] Integrated 
semiconductor micropillar systems 
also show great promise for 
quantum optical applications [7-9] 
  
METHODOLOGY  
We want to describe light 
propagation for QD- cavity 
geometry, where the input and 
output fields are identified 
separately from the cavity region, 
in which QD is assumed as 
embedded. An example  

waveguide-cavity system is shown schematically in Fig. 1.(a,b,c) 
 For a continuous wave (cw) waveguide mode of a photonic 
crystal system [10, 23] 
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where the self-energy is ω ( ω )  = ωg 2 / ( ω x - ω 2 - Iω  of q),  0 ≡ 2 κ 
0 is the cavity decay rate through vertical scattering (unloaded 
cavity broadening), df ≡ 2 κ c = 2 ( κ l + κ r ) is the cavity-waveguide 
coupling rate coincides with the vacuum Rabi splitting which can 
be observed in transmission or reflection; this normal 
mode doublet can occur even if the dot is not in the strong-
coupling regime,    

 
Fig -1 SEM image of the waveguide-coupled QD  PhCC system 

 



 
 
STUDIES ON SEMICONDUCTOR WAVEGUIDE-CAVITY SYSTEM ……                                                       volUme - 8 | issUe - 9 | JUNe - 2019 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
Journal for all Subjects : www.lbp.world 

2 
 

we will use a ME approach where exciton -photon interactions are easily included in all 
orders. Referring to Fig. 1 (a,b,c), we relate the left / right output operators to the cavity mode 
operator[24-27] 
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where , for a coherent cw input state,  ,22/ ccin ki   with η c the cavity pump 
rate Following the solution of the ME (discussed below), the steady-state transmissivity and reflectivity 

are obtained: inss

r
out

i aaett t / 

  and inss

l
out

i aaerr r / 

 , where φ t and φ rare the 
phases Working in a frame rotating with respect to the laser pump frequency, ω L , the model 
Hamiltonian can be written as 
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where b q ( b + q ) are the annihilation and creation operators of the phonons, a is the cavity 
mode annihilation operator , σ + and σ -are the Pauli operators of the electron-hole pair  
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  where the polaron -transformed system is Hamiltonian is   
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 Using a Markov approximation, the incompatible phononscattering term is defined as  
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where x u = - ihg ( a † σ - - σ + a ), and g g / u ( t ) are the polaron green functions:[25-30] 
 Lindblad ME has been shown to yield very good agreement with the full polaron ME solution above. In 
this way , one defines the phonon-mediated incompatible scattering processes through 
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where G (D) = 2 Diρdi † - D † Dρ - ρD † D , and the scatteringates are obtained analytically,  
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The rate 


 
ph  describes the process of cavity excitation and the emission of exaction, via 

phonon-induced scattering..  
 
CONCLUSION  

This paper presents the light propagation for QD- cavity geometry using Master equation.  
  
REFERENCES  
1. N. W. Ashcroft and N. D. Mermin, Solid State Physics (W. B. Saunders, Orlando, 1976), Ch. 28. 
2. L. Efros and A. L. Efros. Soy. Phys. Semicond. 16, 772 (1982). 
3. L. E. Brus, J. Chem. Phys. 79. 5566 (1983). 
4. L. E. Brus, J. Lumin. 32, 381 (1984). 
5. S. Schmitt-Rink, D. A. B. Miller, and D. S. Chemla, Phys. Rev. B 35, 8113 (1987). 
6. P. Y. Yu and M. Cardona, Fundamentals of Semiconductors (Springer-Verlag, Berlin, 1996), p.460. 
7. M. Asada, Y. Miyamoto, and Y. Suematsu, IEEE J. Quant. Elect. QE-22, 1915 (1986). 
8. Y. Arakawa and H. Sakaki. Appl. Phys. Lett. 40, 939 (1982). 
9. C. Weisbuch and B. Vinter. Quantum Semiconductor. Structures, Fundamentals and Applications 

(Academic, San Diego, 1991). 
10. M. Grundmann, Physics E S. 167 (2000). 
11. V. I. Klimov, A. A. Mikhailovsky, S. Xu, A. Malko, J. A. Hollingsworth, C. A. Leatherdale, H.-J. Eisler, and 

M. G. Bawendi, Science 290, 314 (2000). 
12. Cavity Quantum Electrodynamics, edited by P. R. Berman (Academic Press, San Diego, 1994). 
13. E. M. Purcell, Phys. Rev. 69. 681 (1946). 
14. D. Kleppner, Phys. Rev. Len. 47, 233 (1981). 
15. S. Haroche and D. Kleppner. Physics Today 42, 24 (January 1989). 
16. Optical Processes in Microcavities, edited by R. K. Chang and A. J. Campillo, (World Scientific, 

Singapore. 1996). 
17. Since whispering gallery modes are "leaky", the photon can never be trapped indefinitely. See Ref. 

16. 
18. See. e.g., Confined Electrons and Photons, edited by E. Burstein and C. Weisbuch (Plenum Press, 

New York. 1995). 
19. . D. Joannopoulos, R. D. Meade, and J. N. Winn, Photonic Crystals (Princeton University Press, 

Princeton. 19951. 
20. J. D. Joannopoulos. P. R. Villeneuve, and S. Fan, Nature 386, 143 (1997). 
21. E. Yablonovitch, Sci. Am. 285, 34 (2001). 
22. For recent reviews, see articles in Photonic Band Gap Materials, edited by C. M. Soukoulis (Kluwer, 

Dordrecht 1996) and Photonic Crystals and Light Localization, edited by C. M. Soukoulis (Kluwer, 
Dordrecht 2001). 

23. E. Yablonovitch, Phys. Rev. Lett. 58, 2059 (1987). 
24. S. John, Phys. Rev. Lett. 58, 2486 (1987). 
25. T. F. Krauss, R. M. De La Rue, and S. Brand, Nature 383, 699 (1996). 
26. C. J. M. Smith. H. Benisty, S. Olivier, M. Rather, C. Weisbuch, T. F. Krauss, R. M. De La Rue, R. Houdre, 

and U. Oesterle, Appl. Phys. Lett. 77, 2813 (2000). 
27. E. Chow, S. Y. Lin, S. G. Johnson, P. R. Villeneuve, J. D. Joannopoulos, J. R. Wendt, G. A. Vanier, \V. 

Zubrzycki, H. Hou, and A. Alleman, Nature 407, 983 (2000). 



 
 
STUDIES ON SEMICONDUCTOR WAVEGUIDE-CAVITY SYSTEM ……                                                       volUme - 8 | issUe - 9 | JUNe - 2019 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
Journal for all Subjects : www.lbp.world 

4 
 

 

28. O. Painter, R. K. Lee, A. Scherer, A. Yariv, J. D. O'Brien, P. D. Dapkus, and I. Kim, Science 284, 1819 
(1999). 

29. . Y. Lin, J. G. Fleming, D. L. Hetherington, B. K. Smith, R. Biswas, K. M. Ho, M. M. Sigalas, W. Zubrzycki, 
S. R. Kurtz, and J. Bur, Nature 394, 251 (1998). 

30. S. Noda, K. Tomoda, N. Yamamoto, and A. Chutinan, Science 289, 604 (2000). 
 
 


