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Nearr  infrare d transmissio n 
throug hh powdere d sample s 

Measurementss of the total transmission in the near infrared through layers of randomly-
packedd Si and Ge micron-sized particles are presented in this chapter. In the wavelength 
rangee 1.4 - 2.5 fan, the scattering properties and the effect of residual absorption are an-
alyzed.. The sample-preparation method is explained in section 3.2. The measurements 
weree done with a Fourier transform infrared spectrometer. The experimental set-up is 
describedd in section 3.3. Very strong scattering (k£s ~ 3 at A© = 2.5 /an) and significant 
absorptionn at shorter wavelengths than 2 ̂ m are measured in the Si samples [90,94]. The 
energyy density coherent potential approximation (EDCPA) is used to calculate the scat-
teringg mean free path and the localization parameter in the Si samples. We find good 
agreementt between the calculations and the total-transmission experiments [85,90]. In 
thee Ge samples the total transmission decays exponentially with the sample thickness at 
alll  wavelengths in the studied range (section 3.5). This dependence of the total transmis-
sionn can be due to strong localization or to optical absorption. By measuring the total 
transmissionn through the Ge samples filled with a non-absorbing liquid, a method which 
makess possible to discard or not optical absorption is introduced [91]. We find that in the 
Gee samples absorption has been introduced, presumably during the powder preparation. 

3.11 Introductio n 

Inn spite of the great effort to localize light in systems formed by dielectric me-
diaa [24,75,88,120], there is no evidence of localization in such systems. Tita-
niumm dioxide TiC>2 is the dielectric with the highest refractive index in the visible 
nn = 2.7 [130], The lowest value of the localization parameter measured in TiC>2 
sampless is k£s ~ 7 [24], These samples were close-packed powders of particles 
withh an average radius of 110  35 nm. This average radius corresponds to the 
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48 8 CHAPTERR 3: NEAR INFRARED TRANSMISSION... 

maximumm scattering cross section of Mie scatterers in the visible (section 1.1). 
Moreover,, since the surrounding medium of the scatterers in a powder is air, the 
refractivee index contrast in the Ti02 powders is maximum. 

Althoughh probably a lower value of k£s can be reached in TiÜ2 samples by 
reducingg the polydispersity; most likely a refractive index contrast of 2.7 does not 
sufficee to localize light. The scattering mean free path in TiC>2 samples will thus 
dependd on the particle radius and wavelength as indicated by the upper line of 
Fig.. 1.5, i.e., the localization transition is not reached in TiC>2 samples for any 
valuee of the scatterers radius and at any wavelength. 

Somee semiconductors, as it is shown in Fig. 1.6, have higher refractive in-
dexess than TiCV They are good candidates for preparing materials where light 
iss localized. The absorption coefficient of intrinsic semiconductors is very low 
(aa > 0.1cm-1) in a spectral window limited at short wavelengths by the semi-
conductorr band gap Xgap, and at long wavelengths by free-carrier absorption and 
phononn bands. Since it is believed that optical absorption destroys localization [42, 
43],, the search for localization is limited to this wavelength window. 

Siliconn is a thoroughly studied semiconductor. Its high refractive index n = 
3.55 [132], its non-toxic properties, and the ease with which it can be obtained, 
persuadedd us to start the localization experiments with Si powders. The band gap 
off  Si is at A.gap =1.1 //m, which limits the experiments to the infrared. 

Germaniumm has an even larger refractive index than Si, n = 4 [133]. Therefore, 
wee also decided to study the propagation of light in Ge powders. The band gap of 
Gee is at A,gap = 1.85 ^m. 

AA few months after the work presented in this thesis was initiated, localiza-
tionn of near-infrared radiation XQ — 1.067 jum was reported in GaAs powders [76]. 
GaAsGaAs particles were made by milling intrinsic semiconductor. Total-transmission 
andd enhanced-backscattering measurements were performed in three kind of GaAs 
sampless with different average particle radius r ~ 5,0.5 and 0.15 jum. The size of 
thee particles was regulated by the time that the material was milled. 

Thee measurements in the GaAs samples with r ~ 5 fim particles could be 
explainedd in terms of classical diffusion. The big particle size compared to the 
wavelengthh leads to a small scattering cross section and an inefficient scattering 
(sectionn 1.1). In the samples with particles of average radius r ~ 0.5 /̂ m, the to-
tall  transmission decreased with the inverse of the square of the sample thickness. 
Accordingg to Eq. (2.61), these samples are close to the localization transition. The 
EBSS measurements on these samples could not be explained with classical diffu-
sionn theory. The exponential decay of the total transmission with the size of the 
sampless with the smallest particles, and the rounding of the EBS cone of these 
sampless were attributed to strong localization. 
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Figuree 3.1: 
SEMM photographs of 
Sii  (a) and Ge (b) pow-
ders s 

1.66 urn 5 (am 

Thee interpretation of these measurements in terms of Anderson localization 
wass questioned [77]. Since the milling time is longer for the samples with the 
smallestt particles, Scheffold et al. [77] reasoned that in these samples stronger 
absorptionn introduced during the preparation might be expected. These authors 
claimedd that the transmission and the EBS measurements could be then explained 
byy classical diffusion with optical absorption. 

Thiss disagreement in the interpretation of the measurements in GaAs pow-
derss made clear that systematic studies of the optical scattering and absorption in 
semiconductorr powders were necessary. 

3.22 Sample preparatio n 

Thee starting materials for the fabrication of the samples were commercially avail-
ablee Si and Ge powders.1 The Si powder was formed by polycrystalline particles 
withh sizes ranging from a few hundred nanometers to about 40 ̂ m and with a pu-
rityy of 99.999%. The Ge powder had a purity larger than 99.999% and the particle 
sizee was smaller than 150/im. 

Too reduce the polydispersity of the Si powder, the particles were suspended in 
spectroscopic-gradee chloroform and they were let to sediment for 300 s. Only the 
particless that did not sediment were used in the experiments. The Ge powder was 
firstt milled at low speed.2 A zirconia beaker and balls were used for the milling. 
Afterr 240 s, 5 ml of spectroscopic-grade methanol were added and the suspension 
wass milled during 60 s. The resulting particles were sedimented during 150 s. 

Thee particle size and polydispersity were evaluated from SEM photographs 
likee the ones shown in Figs. 3.1 (a) and (b). Figure 3.1 (a) corresponds to Si 
particles,, while in Fig. 3.1 (b) Ge particles are shown. 

'Si:: Cerac S-1049; Ge: Aldrich 32739-5 
2Thee milling was done with a planetary micro mill, Pulverisette 7, Fritsch GmbH. 
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Ass can be seen in the figure, the Si particles tend to aggregate into clusters. 
Thiss makes the definition of their radius difficult. The average radius of the parti-
cless was evaluated with two different methods: a) considering all the particles as 
entities,, independently of whether or not they are part of a cluster, and b) consid-
eringg the clusters as single particles. The radius of the particles (or clusters) was 
definedd as half the Feret's diameter, which is the distance between two tangents to 
thee particle surface, parallel to some fixed direction, and on opposite sides of the 
particlee [134]. Figure 3.2 shows the normalized histograms of the particle radius 
obtainedd with both methods. In general, particles prepared by milling or grind-
ingg present a log-normal distribution of sizes y = Cexp[—\n2(r/r c)/2W2]  [134]. 
Thee fit of this function to the histogram obtained with method a) gives C = 0.90, 
rr cc = 0.19 pm, W = 0.61, and it is shown by the solid line in Fig. 3.2; while method 
b)) gives C = 0.86, rc = 0.44 pm, W = 0.55, and it is represented by the dashed 
linee in the same figure. These fits allow to calculate the average radius of the parti-
cless and its standard deviation: a) r = 0.33  0.22 ^m, and b) r = 0.69  0.41 pm. 
Thee polydispersity, defined as the ratio between the standard deviation and r in 
percentage,, is of 67% and 59% respectively. In other words, the Si samples are 
constitutedd of highly polydisperse scatterers. 

Forr the Ge particles no aggregation was observed, making the determination 
off  the particle radius simpler than in the case of the Si powders. From the fit of the 
histogramm of the particle radius in the Ge powder with a log-normal distribution 
functionn the average radius was found to be r = 2.1  0.9 /um and the polydispersity 
43%. . 

Too form layers of Si or Ge powders, a few drops of the suspensions were put on 

Figuree 3.2: 
Normalizedd histograms of the 
radiuss of the silicon particles 
consideringg all the particles 
ass entities, independently of 
whetherr or not they are part of a 
clusterr (solid bars), and consid-
eringg the clusters as single par-
ticless (dashed bars). The solid 
andd dashed lines are log-normal 
fits,fits, from which the average ra-
diuss are calculated. 
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glasss substrates and the chloroform or methanol was let to evaporate. The resulting 
sampless are stiff slabs of close-packed Si or Ge particles in an air matrix. 

Thee thickness L of the layers were measured by making scratches at the edges 
off  the samples. With a calibrated microscope, with a resolution of 1 /im, the images 
off  the surface of the sample and the substrate were focused. The thickness is given 
byy the difference between the focus points. For each sample the thickness was 
measuredd at different places within its central region to be sure that the layer was 
homogeneous.. The thickness of the layer is denned as the average value of these 
measurements. . 

Thee volume fraction occupied by the particles, $ ~ 40%, was determined by 
weightingg the samples. 

3.33 Experimenta l set-u p 

Thee set-up used for the total-transmission measurements is depicted in Fig. 3.3. 
Thee total transmission was measured with a Fourier transform infrared spectrome-
terr (FTIR).3 The FTIR consists of a Michelson interferometer in which one mirror 
iss fixed and the other is scanned over a distance of 8 cm at a velocity of 0.16 cm/s. 
Thee spectral resolution of the measurements was 8 cm- 1. The signal produced 
onn three detectors by the beam of a He:Ne laser (not plotted in Fig. 3.3) is used 
too calculate the displacement of the moving mirror and to perform the dynamic 
alignment.. Small misalignments of the interferometer are automatically corrected 
byy means of piezoelectric actuators on the fixed mirror. 

Thee high stability of the FTIR allowed to perform several scans, which were 
averagedd to increase the signal-to-noise ratio. Typically, between 250 and 1000 
scanss were averaged depending on the total transmission of the sample. 

AA tungsten-halogen lamp has been used as light source. Short wavelengths 
weree optically filtered. A lens with a focal distance of 15 cm and an iris with a 
diameterr of 2 mm, placed in front of the sample, insured that the total transmission 
wass measured only in the region where the thickness was characterized. 

Thee light transmitted diffusively was collected with a BaSC>4 coated integrat-
ingg sphere,4 and detected with a PbSe photoconductive cell The total transmission 
iss given by the Fourier transform of the interferogram. Before and after measur-
ingg each sample, the transmission through a clean glass substrate was recorded. 
Thiss measurement was used as reference to obtain the absolute value of the total 
transmissionn through the samples and to check the stability of the set-up. 

3BioRadd FTS-60A. 
4Labspheree IS040SF 
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Figuree 3.3: 
Experimentall  set-up used 
forr the total-transmission 
measurements.. FTIR: Fourier 
transformm infrared spectrom-
eter,, BS: beam splitter, SM: 
scanningg mirror, F: optical 
filter,filter, L: lens, I: iris, IS: 
integratingg sphere. 

3.44 Total transmissio n throug h Si sample s 

Figuree 3.4 shows a total-transmission spectrum of a sample of Si powder with 
aa thickness of L = 57.8  2 pm (solid line), and the transmission spectrum of a 
Sii  wafer (dashed line). For an easier comparison, both measurements have been 
normalizedd by their maximum transmissions. The sharp band gap (^gap = 1.1 pm) 
cann be clearly observed in the spectrum of the Si wafer. The total transmission 
off  the powdered sample is very low at wavelengths close to the band gap due to 
strongg scattering and/or optical absorption. To quantify these two contributions, a 
seriess of samples with different thickness was measured. The total-transmission 
measurementss of Si layers are plotted in Fig. 3.5 as a function of their thickness. 
Thee squares correspond to X0 = 2.5 pm and the circles to X<, = 1.4/im. 

Iff  the effective refractive index ne of the sample is known, the extrapolation 
lengths,, Ze, and ze2, can be calculated using Eq. (2.17). The effective refractive in-
dexx can be experimentally obtained from the measurement of the angular-resolved 
transmissionn (see section 2.2.3). This measurement is not easy to perform with 
aa FTIR spectrometer due to the low intensity of the light source. As the volume 
fractionn occupied by the particles is known to be ~ 40%, ne can be estimated. Tak-
ingg ne as the Maxwell-Garnet effective refractive index [116], we find ne ~ 1.5 in 
thee wavelength range 1.4 — 2.5 pm. With this value of ne the extrapolation lengths 
off  the Si-air and Si-substrate interfaces are ze, = 2.42̂  and ze2 — 0.78̂  respec-
tively.. Note that reflections on the substrate-air interface will modify the value 
off  Ze2- If infinite reflections are considered ze2 = 2A£ [135]. However, the value 
off  £ obtained from the fits of Eq. (2.42) to the total-transmission measurements is 
independentt of ze2

 as l°ng as L » ze2, which is the case in the investigated samples. 

Ass it is shown by the solid lines of Fig. 3.5, the measurements of the total 
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Figuree 3.4: 
Transmissionn spectra normal-
izedd to their maximum trans-
missions.. Solid line: total-
transmissionn spectrum of a 
layerr of silicon powder with a 
thicknesss of 57.8 /im. Dashed 
line:: transmission spectrum of 
aa silicon wafer. 
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transmissionn can be fitted excellently by using classical diffusion theory. The fit 
off  Eq. (2.42) to the X0 = 2.5 //m measurements yields £ = 0.83 8 /mi. At 
thiss wavelength La S> L, thus absorption can be neglected. From the fit to the 
XX00 = 1.4 pm measurements £ = 0.56  0.06 /im and La = 8.8  1 pm are obtained. 

Thee wavelength dependence of La is plotted in Fig. 3.6. The increase of ab-
sorptionn for Xo < 2.0//m is due to strain in the Si lattice structure. The presence of 
strainn in the Si particles was confirmed from the width of X-ray diffraction peaks. 
Strainn gives rise to a deformation of the potential, which smears the valence and 
conductionn bands of the semiconductor. This deformation results in an edge of 
thee band gap that extends into longer wavelengths than Xgap. This absorption edge 
iss known as the Urbach edge [136], and gives rise to an absorption length that 

Figuree 3.5: 
Totall  transmission through Si 
powderr versus the thickness of 
thee sample L. The squares 
andd the circles are the mea-
surementss at Ao = 2.5 pm and 
ôo = 1.4 /̂ m respectively. The 

solidd lines are fits using dif-
fusionn theory with ze, = 2A2£ 
andd Ze2 = 0.78£. At Ao = 2.5 /an 
thee transport mean free path is 
££ = 0.83 fjm, and optical ab-
sorptionn is negligible. At Xo = 
1.44 /ym the absorption length is 
Laa = 8.8 /ym and £ = 0.56 /im. 
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increasess exponentially with the wavelength 

XQ XQ 
expii  — 

Ay y 
(3.1) ) 

Thee fit of the measurements to Eq. (3.1) is represented by the line in Fig. 3.6, 
wheree Xu - 0.15  0.01 vm. 

Thee transport mean free path £ is plotted in Fig. 3.7 as a function of XQ. CM. 
Soukouliss from Iowa State University and K. Busch from the University of Karl-
sruhee have used the energy density coherent potential approximation EDCPA (see 
appendixx A) to calculate the scattering mean free path in a random medium com-
posedd of Si spheres ((]> — 40%) with a size distribution given by a log-normal func-
tionn (C = 0.86, rc = 0.44//m, W = 0.55). The solid line in Fig. 3.7 is a convolution 
off  the calculated £s for the specific sizes of the spheres with the probability density 
functionn given above. 

Ass can be seen in Fig. 3.7, there is a good qualitative agreement between the 
measuredd £ and the calculated £s. The quantitative difference can be attributed to 
severall  factors: first, with the EDCPA £s is obtained, whereas the total-transmission 
measurementss give £. Second, for the EDCPA calculation the scatterers are con-
sideredd perfect spheres, which clearly is not the case in the Si samples. Finally, as 
pointedd out before, there is not an unambiguous way of measuring the particle ra-
diuss due to the aggregation of Si particles. The best agreement between theory and 
experimentss is found when the particle clusters are considered as single scatterers. 

Forr comparison, in Fig. 3.7 we have also plotted the calculated £s in a system 
composedcomposed by monodisperse Si spheres of radius 0.44 fim and a volume fraction of 

1.55 1.8 2.1 
Wavelength,, Xo (//m) 

Figuree 3.6: 
Absorptionn length in silicon 
powderss versus the wavelength. 
Thee solid line is a fit to 
Eq.. (3.1), with Xv = 0.15 ^m 
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1.55 2.0 2.5 
Wavelength,, X (//m) 

Figuree 3.7: 
Transportt mean free path mea-
suredd in Si powders versus the 
wavelength.. The solid line is 
aa convolution of the scatter-
ingg mean free path, calculated 
withh the EDCPA, for a distribu-
tionn of sizes of the Si spheres 
givenn by the dashed line of 
Fig.. 3.2 and with a Si vol-
umee fraction fy = 40%. The 
dashedd line is ls calculated for 
aa monodisperse system of Si 
spheress (radius=0.44 //m) and 
thee same volume fraction [90]. 

40%% (dashed line). As can be seen in Fig. 3.7, the scattering mean free path in 
aa polydisperse system is in general larger than in a monodisperse one. It is more 
favorablee to have a medium formed by scatterers with the largest possible as. A 
polydispersee sample will contain particles which efficiently scatter light, together 
withh inefficient scatterers. Therefore, the high polydispersity in the particle size 
constitutess the main limitation to the scattering strength in the Si samples. 

Withh the transport mean free path obtained from the measurements of the total 
transmission,, and assuming that the Si particles are isotropic scatterers £ = £&,5 we 
cann estimate the localization parameter, k£s = 2Tme£s/Xo. The values of kl% are 
plottedd in Fig. 3.8 as a function of A*,. The weak dependence of £ with X ,̂ due 
too the high polydispersity in the samples, gives rise to a nearly constant scattering 
strength.. The solid line in Fig. 3.8 represents the localization parameter using the 
valuess of £% that are obtained from the EDCPA calculation. 

Itt must be stressed that, although the presented results can be explained using 
classicall  diffusion theory, the Si samples are very close to the critical value of 
k£k£ss ~ 1. In fact, the localization parameter k£s ~ 3 at A<, = 2.5 //m is more than a 
factorr of two smaller than the lowest value of k£s reported in TiC>2 powders [24]. 

3.55 Total transmissio n throug h Ge sample s 

Thee total-transmission spectrum of a sample of Ge powder with a thickness of 
LL = 12.4  1.2 jum is plotted in Fig. 3.5 (solid line). The band gap of intrinsic Ge 

55 Note that by setting £ equal to £s interference effects are obviated. 
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^ ^ 

Figuree 3.8: 
Localizationn parameter k£s 

inn silicon powders versus the 
wavelength.. The solid line 
iss the localization parameter 
calculatedd with the EDCPA in 
aa polydisperse system of Si 
spheres. . 

1.55 2.0 2.5 
Wavelength,, Xo (/jm) 

iss indicated in the same figure with an arrow. 
Likee with Si, the total transmission through Ge powder was measured in layers 

withh different thickness. Figure 3.10 shows the total transmission versus the sam-
plee thickness at Xo =.1.7 pm (circles) and at X0 = 2.5 pm (squares). In the entire 
spectrall  range of the measurements the total transmission decreases exponentially 
withh the sample thickness. The characteristic length of this exponential decay, 
namedd La, is plotted in the inset of Fig. 3.10 as a function of the wavelength. At 
XoXo = 1.7 ^m it is not surprising this dependence since 1.7 ^m < A,gap, and strong 
absorptionn takes place. 

Figuree 3.9: 
Thee solid line is the total-
transmissionn spectrum of a 
layerr of Ge powder with a 
thicknesss of L = 12.4 ^m. 
Thee open circles are the total-
transmissionn spectrum of the 
samee sample with the air voids 
filledfilled with CCI4. The arrow in-
dicatess the band gap of intrinsic 
Ge. . 
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Figuree 3.10: 
Totall  transmission through 
sampless of Ge powder as 
aa function of the sample 
thickness.. The circles corre-
spondd to the measurements at 
Xoo = 1.7 yum and the squares 
too Xo — 2.5 /um. As can 
bee appreciated by the solid 
lines,, the total transmission 
decayss exponentially. Inset: 
wavelengthh dependence of the 
characteristicc decay length of 
thee total transmission L&. The 
solidd line is a guide to the eye. 

Thee interpretation of the total-transmission measurements at X0 > Xgap is more 
complicated.. The absorption coefficient of intrinsic Ge at sub-band gap wave-
lengthss is very low [133]. The exponential decay of the total transmission as a 
functionn of the sample thickness at these wavelengths could be attributed to strong 
localizationn in a non-absorbing medium. It is also possible that during the sample 
preparationn impurities have been added to the Ge powder or defects are created at 
thee surface of the particles, giving rise to an increase of the absorption coefficient. 

Too determine which of these two situations (localization or absorption) ap-
plies,, the total transmission of the samples filled with carbon tetrachloride CCI4 
wass measured. In the wavelength range under investigation, CCI4 has a refractive 
indexx of n = 1.4 and it does not absorb [137]. By filling  the samples the refrac-
tivee index contrast between the scatterers and the surrounding medium is changed 
fromm 4.1 to 2.9. Therefore, the scattering cross section is reduced or equivalently 
thee scattering and transport mean free paths are increased. 

Thee total-transmission measurement of the sample with a thickness of L = 
12.44 pm filled with CCI4 is plotted in Fig. 3.5 (open circles). The higher transmis-
sionn of the filled sample clearly confirms the increase of L After letting evaporate 
thee CCI4 the original spectrum was recovered. This means that the structure of the 
sampless did not change and that CCI4 only filled the voids between Ge particles. 

Thee complete infiltration of the samples was carefully checked by measuring 
thee change of the specular reflection of a beam from a He:Ne laser on the bottom 
off  the samples upon the addition of CCI4. 

AA refractive index contrast of 2.9 should be too low to induce localization, 
moreoverr in a system that is highly polydisperse. As the optical absorption of 
CCI44 is negligible, if the exponentially-decaying total transmission at X<, > A.gap 

1.55 2.0 2.5 

Samplee thickness, L {/urn) 
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iss due to localization in a non-absorbing medium, the reduction of the refractive 
indexx contrast should give rise to a total transmission described by the diffusion 
approximationn without absorption. On the other hand, if Ge absorbs significantly 
att these wavelengths, the filled samples should have a finite absorption length, L'a. 
Forr clarity, the parameters of the filled samples will be denoted with a prime. 

Figuree 3.11 shows the total-transmission measurements at ^0 = 2.5 fjm of the 
Gee samples filled with CCI4 as a function of the sample thickness. In the same 
figurefigure a fit  to the measurements using classical diffusion theory is plotted with 
aa solid line. For the fit  the extrapolation lengths are fixed to z'ej = zL = (2/3)1' 
andd the transport mean free path and absorption length are £' = 1.53 1 ^m and 
L'L'aa = 26  4 pm. For comparison, the total transmission through a non-absorbing 
mediumm with t' = 1.53 //m is also plotted in Fig. 3.11 (dashed line). 

Ass it has been mentioned in the preceding section, the value of z'e2 does not 
affectt the analysis of the total-transmission measurements. On the other hand, 
xéii  = 4 ,1  ̂ needs to be carefully estimated to obtain a reliable value of £'. Carbon 
tetrachloridee forms a layer on top of the sample and TL depends on the reflections 
onn the Ge-CCU and the CCL -̂air interfaces. To estimate TL the number of reflec-
tionss on these interfaces before the light leaks through the sample edges needs to 
bee known. The number of reflections will depend on the exact thickness of the 
CCI44 top layer [135], which is unknown. Therefore, in this experiment it is not at-
temptedd to obtain an accurate value of the transport mean free path, and by setting 
z'z'e]e] to its value in the case of refractive index matched interfaces, i.e., (2/3)€', the 
transportt mean free path is overestimated. 

Itt is important to note that as L'a is obtained from the decay of the transmission 
throughh the thickest samples, it is independent of the extrapolation lengths. As L'& 

Figuree 3.11: 
Total-transmissionn measure-
mentss of Ge samples filled with 
CCI44 as a function of the sam-
plee thickness. The solid line is 
aa fit using classical diffusion 
theoryy with z'ei = z'e2 = (2/3)*, 
fromm which the absorption 
lengthh 14 = 26  4 ^m is 
found.. The dashed line is the 
expectedd total transmission in 
aa non-absorbing system with 
equall  scattering strength. 255 50 

Samplee thickness, L (//m) 
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forr the filled Ge is of the order of L, we may conclude that the exponential decay of 
thee total transmission in the non-filled Ge samples is not due to strong localization 
inn a non-absorbing medium, but the role of absorption must be considered. 

3.66 Discussio n 

Ass we have seen in section 3.4, in spite of the fact that the total-transmission 
measurementss on Si powders can be fully described using diffusion theory, the 
localizationn parameter k£s ~ 3 at XQ = 2.5 fim is more than a factor of two smaller 
thann the lowest value of k£s found in TiC>2 powders [24]. These results confirm 
thatt semiconductor materials are good candidates to prepare a medium where light 
iss localized. 

AA problem in the search for localization in Si and Ge powders arises from the 
significantt optical absorption that they exhibit. Improvements in the reduction of 
thee absorption can be achieved by annealing the particles to minimize the contri-
butionn of surface defects. 

AA remaining open question is why strong localization of near-infrared light is 
apparentt in GaAs powders [76], while it is absent in similar samples of Si powders. 
Accordingg to the EDCPA [85,86], for a given refractive index contrast, the local-
izationn parameter is much lower in the inverse structure than in the direct structure 
(seee appendix A). The inverse structure is formed by air scatterers in a high dielec-
tricc material. A possible explanation for a lower value of k£s in the GaAs samples 
couldd be a different connectivity of the particles. If the contact between neighbor-
ingg particles is better in the GaAs than in the Si samples, due to a different particle 
shape,, the GaAs samples may be represented by an inverse structure. For the Si 
sampless a description in terms of a direct structure could be more appropriate. 

Itt is also possible that the results of Ref. [76] have been misinterpreted in 
termss of localization without optical absorption [77]. More experimental work 
mustt be done in the GaAs samples. A feasible experiment, as it is clearly shown 
inn section 3.5, consists in fillin g the air voids in the GaAs samples with a non-
absorbingg liquid and measure the total transmission or the enhanced-backscattered 
intensityy [79]. This experiment could confirm that the deviation from diffusion 
theoryy in the measurements of Ref. [76] are due to localization or if absorption is 
presentt in the GaAs samples. 




