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Abstract

We present a review of optical properties of semiconductors capable of supporting excitons, that is, electron–

hole pairs that form states bound by their mutual screened Coulomb attraction. We consider the interaction of

light with surfaces, thin films, multilayered systems, small particles and rough surfaces accounting for excitonic

transitions. The first part of the paper is devoted to studies done using classical electrodynamics within the

nonlocal dielectric response theory. For the dielectric function we take the Hopfield and Thomas coupled

harmonic oscillator model, which yields excitonic modes beyond the usual optical waves. Therefore, studies of

the coupling of light to exciton–polaritons in the presence of surfaces require additional boundary conditions

(ABCs) to determine the reflected and transmitted electromagnetic field amplitudes within models of abruptly

terminated semiconductors. An alternative consisting in solving Maxwell’s equations for the electromagnetic

field together with an equation for the excitonic polarization derived from the quantum mechanical dynamics of

electrons and holes, including a surface potential that accounts for the interaction of excitons with the surface is

explored in the latter part of the paper. The surface potential may be modeled by an infinite barrier, or by smooth

repulsive exponential potentials and Morse-type potential wells. Surface potential wells may produce entrapped

excitonic states, which are explored at surfaces, films and superlattices. Scattering of light from non-ideal

rough surfaces is also discussed. Comparison between theory and experiment is emphasized all along the paper.
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The final section is devoted to a microscopic theory which is ABC independent and explains the experimental

measurements of transmission in thin films.

# 2005 Elsevier B.V. All rights reserved.

PACS: 71.35.�y; 78.67.�n; 78.20.�e; 78.68.+m; 78.40.�q; 78.66.�w; 71.36.+c

Keywords: Excitons; Polaritons; Excitonic polarization; Additional boundary conditions; Surfaces; Films; Multilayers;

Superlattices; Dielectric response; Optical response; Reflectance; Transmittance; Surface modes; Surface potential; Transfer

matrix; Microcavities; Entrapped states; Microscopic theory

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2. Excitons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3. Bulk optical response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3.1. Spatial dispersion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3.2. Non locality of the excitonic response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3.3. Exciton–polariton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4. Surface optical response . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.1. Additional boundary conditions (ABC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.2. Reflectance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.3. Surface modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

4.4. Attenuated total reflectivity (ATR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5. Interaction with surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5.1. Semiinfinite systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5.2. Surface potential for excitons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

5.3. Surface potential for the excitonic polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

6. Thin film . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

6.1. S-polarization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

6.2. P-polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

7. Entrapped states. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

8. Layered systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

8.1. Transfer matrix for S-polarization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

8.2. Transfer matrix for P-polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

8.3. Transfer matrix collapse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

8.4. Superlattice normal modes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

8.5. Entrapped states in superlattices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

8.6. Optical response of microcavities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

9. Scattering of light by small excitonic particles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

9.1. Spheres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

9.2. Cylinders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

9.2.1. Parallel polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

9.2.2. Perpendicular polarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

G.H. Cocoletzi, W.L. Mochán / Surface Science Reports 57 (2005) 1–582



Download English Version:

https://daneshyari.com/en/article/9774269

Download Persian Version:

https://daneshyari.com/article/9774269

Daneshyari.com

https://daneshyari.com/en/article/9774269
https://daneshyari.com/article/9774269
https://daneshyari.com

