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Summary y 
Thiss thesis constitutes an experimental study of the propagation of light in 

strongly-scatteringg media. In an intensive search for  Anderson localization of light, 
sampless of high refractive index semiconductors have been investigated. 

Inn this thesis, a photonic material is defined as a medium that scatters light 
strongly.. Two limitin g cases of photonic materials can be discerned: 

 Periodic three-dimensional (3D) crystals. A periodic 3D crystal is a lattice 
off  dielectric particles with a lattice spacing of the order  of the wavelength 
off  light. If the refractive index contrast between the particles and the sur-
roundingg medium is high enough a photonic band gap may be created. The 
propagationn of light in such a medium is similar  to the propagation of elec-
tronss in a crystalline semiconductor. 

 Random materials. Random materials are 3D systems of dielectric particles 
randomlyy placed and separated by a length of the order  of the wavelength of 
light.. Light propagates as electrons do in amorphous semiconductors. If the 
strengthh of the disorder  or  scattering is high enough, light can not propagate 
throughh the system and it is localized. 

Inn disordered systems the transport of light is diffusive. The direction of prop-
agationn of light is randomized in an average distance given by the transport mean 
freee path L The photonic strength of the system is defined by the inverse of the 
localizationn parameter  k£s, where k is the wave vector  in the medium and £s is the 
scatteringg mean free path or  the average distance between two scattering events. 
Onlyy in the extreme case of very strong scattering, i.e., when k£s < 1, the transport 
iss inhibited and Anderson localization of light is established. Anderson localiza-
tionn is a phase transition between propagating states and localized states, and it is 
thee result of wave interference. 

Too approach the localization transition, k£s ~ 1, the scattering mean free path 
needss to be reduced, which is achieved by using high refractive index (n) scatterers, 
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withh a size of the order of the wavelength, in a low refractive index matrix, i.e., 
powders.. An alternative to powders are scatterers of low refractive index material 
inn a matrix of high refractive material, i.e., porous structures. 

Inn the past, most of the research in disordered scattering materials was done 
withh dielectrics as titanium dioxide (n = 2.7). Even stronger photonic materials 
cann be achieved with some semiconductors, since they have a very high refrac-
tivee index and present very low optical absorption at larger wavelengths than the 
semiconductorr band gap wavelength. We have studied the propagation of near and 
midinfraredd light through silicon, Si (n = 3.5), and germaniun, Ge (n = 4), powder 
samples,, and of visible light through porous gallium phosphide, GaP (n = 3.3). 
Porouss GaP is the strongest photonic material of visible light to date. 

Thee powders (Si and Ge) were prepared by decreasing the particle size by 
millingg intrinsic material, and reducing the polydispersity by letting the particles 
sedimentt in a fluid. The optical transport in these samples was investigated in the 
nearr infrared (1.4 fjm < XQ < 2.5 /an). Total-transmission measurements in the 
sampless of Si powders allowed the determination of the transport mean free path, 
thee absorption length and (assuming isotropic scattering) the localization parame-
ter.. The transport mean free path and the localization parameter are qualitatively 
welll  described by the energy density coherent potential approximation. A novel 
methodd to investigate the residual absorption has been developed: the measure-
mentt of the transmission through the samples filled with a non-absorbing liquid 
makesmakes possible to distinguish between optical absorption and light localization. 

Thee Ge samples were also studied in the midinfrared using a free electron 
laser,, FEL (Free electron laser for infrared experiments, FELIX, Rijnhuizen, The 
Netherlands).. Due to the high intensity of the FEL radiation and to its picosecond 
pulsee structure new experiments could be performed. We have demonstrated that 
thee comparison between the total transmission and the coherent transmission can 
bee used to investigate the localization transition. From dynamic measurements, 
ass time-resolved speckle interferometry, the light diffusion constant could be ob-
tained.. The diffusion constant is significantly reduced in samples thinner than 
~~ 7£, probably due to the reduced dimensionality in these samples. The energy 
velocityy is significantly lower than the phase velocity due to resonant multiple 
scattering.. Photoacoustic spectroscopy proved to be a very sensitive method to 
measuree the residual absorption in the Ge samples. 

Thee main result of these investigations in powders is that the scattering strength 
inn semiconductor samples is higher than in dielectric samples, due to the higher re-
fractivee index of these materials. The polydispersity in the particle size is the main 
limitingg factor of the scattering strength in disordered scattering samples. Sig-
nificantt absorption is present in the powders, constituting a complication for the 
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localizationn experiments. 
Galliumm phosphide is transparent for light in the yellow and red part of the vis-

iblee spectrum, being a fascinating material for localization experiments at wave-
lengthss where Si and Ge present strong absorption. Strongly-scattering samples 
inn the visible with virtually no absorption can be fabricated from n-type GaP by 
meanss of electrochemical etching. Electrochemical etching produces a random 
andd homogeneous porous structure in GaP. We have studied the pore formation 
andd the scattering strength as a function of the doping concentration and the etch-
ingg potential. These two parameters determine the extension of the semiconduc-
torr depletion layer during etching, and influence the pore formation. Bigger and 
moree widely-spaced pores can be formed in low-doped GaP. At low potential the 
poree diameter is reduced. Since the scattering strength in a porous material de-
pendss on the pore size and on the pore spacing, it is possible to tune it in a wide 
range.. Enhanced- backscattering measurements were used to quantify the scat-
teringg strength of porous GaP. The strongest scattering sample of visible light re-
portedd to date is low-doped porous GaP. To further increase the scattering strength, 
thee size of the pores was augmented by means of chemical etching. To optimize 
thee scattering, the optical transmission was measured during the chemical etch-
ing.. Contrary to what it is expected, for the strongest scattering sample the width 
off  the enhanced-backscattering cone is reduced upon chemical etching. This is a 
surprisingg result that requires further investigation. 




