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A. Determination of Refractive Index

To retrieve the refractive index of the samples with varying Au volume fraction, we

performed the angle dependent reflectance measurement for the two principal polarisation,

as shown in Fig. S5.

We applied a generalised transfer matrix method that was developed by Yeh1 to derive

the optical constants from the reflectometry measurements. It is known that np-Si has

anisotropic properties with its crystal axis aligned along the direction of silicon etching2.

In the cartesian coordinate system, where we chose xz as the incident plane with wave

propagating along z direction, the np-Si permittivity tensor can be expressed as

ε↔ =


εo 0 0

0 εo 0

0 0 εe

 , (1)

where εo and εe are the complex ordinary and extra-ordinary permittivity, respectively. By

implementing the permittivity tensor and solving the wave equation

~k × (~k × ~E) + k0
2 ε↔~E = 0 , (2)

with k0 = ω/c. Four wave propagating modes can be obtained which have the same x

component ~kx = k0 sin θ ( θ is the incident angle), but different z component of wave vectors

for ordinary and ex-ordinary wave, ~koz and ~kez, respectively:

~koz = ±
√
k20εo − ~k2x , (3)

~kez = ±

√
(k20 −

~k2x
εe

)εo . (4)

Here, ’±’ denotes the direction of the wave propagation (forward and backward). Further,

the corresponding electric field polarisation directions can be determined as

~po = ~ko × ~z , (5)

~pe = ε↔−1 × ~ke × ~y , (6)
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where ~y and ~z are the unit vector perpendicular to the plane of incidence and parallel to

the surface normal, respectively.

Afterwards, the reflection coefficient for s- and p- components, rs and rp, of the anisotropic

np-Si layer on top of the bulk Si substrate can be simulated to fit the experimental results,

by applying the generalised 4×4 transfer matrix method developed by P. Yeh1:

rs =
M(2, 1)M(3, 3)−M(2, 3)M(3, 1))

M(1, 1)M(3, 3)−M(1, 3)M(3, 1)
, (7)

rp =
M(1, 1)M(4, 3)−M(4, 1)M(1, 3))

M(1, 1)M(3, 3)−M(1, 3)M(3, 1)
, (8)

where the system transfer matrix is defined by M = Dair
−1Dnp−SiPnp−SiDnp−Si

−1DSi. Here

D represents the dynamic matrix which only depends on the polarisation of the incidence

light:

D =


~po~x ~p′o~x ~pe~x ~p′e~x

~qo~y ~q′o~y ~qe~y ~q′e~y

~po~y ~p′o~y ~pe~y ~p′e~y

~qo~x ~q′o~x ~qe~x ~q′e~x

 , (9)

the polarisation vectors ~po and ~pe are as defined in eq.(5) and eq.(6) for forward propagation

and ~po
′ and ~pe

′ for backward propagation, with the same x but opposite z components

relative to the forward mode. ~qo and ~qe are the magnetic field polarisation vectors which

are related to the electric field polarisation vectors by ~q =
1

ω
~k × ~p. In addition, Pnp−Si is

the propagating matrix which only depends on the phase change induced by the anisotropic

layer:

Pnp−Si =


exp(−ikozz) 0 0 0

0 exp(ikozz) 0 0

0 0 exp(−ikezz) 0

0 0 0 exp(ikezz)

 , (10)

where z is the thickness of the anisotropic layer. More details about the generalised transfer

matrix method can be found elsewhere3,4. Finally, rs and rp are used to calculate the absolute

reflectance given by R0 = |r|2 as well as its pump-induced change ∆R/R0.

The retrieved optical constants of the real and imaginary parts, εr and εi, of the effective

dielectric function of np-Si/Au composite and their evolution as the clusters volume fraction

increases from 0 to 0.13 are displayed in Fig. S6. Each part of the dielectric function is
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contributed by the ordinary and extraordinary components arising from the weak uniaxial

birefringence of the np-Si matrix. It can be seen that at the higher cluster densities, the

randomness of their distribution seems to negate the birefringence effect. The refractive

index was then obtained by taking the square root of the dielectric function. We note that

laser with 2.5 µm wavelength was used in the reflectance measurement. The mean purpose

of the measurement was to obtain the effective dielectric function and use it to further

calculate the Au volume fraction (introduced in next subsection).

B. Au Volumetric Fraction, fAu, Estimation

After extracting the complex dielectric function of np-Si layer immersed in gold solutions

for different periods of time. 2D Maxwell Garnett Mixing Formula5 was applied to estimate

the volume fraction, fAu, of Au clusters:

εeff − εair
εeff + εair

= fSi
εSi − εair
εSi + εair

+ fAu
εAu − εair
εAu + εair

(11)

where εAir = 1, ε2eff = ε2o + ε2e represents the effective dielectric constant of np-Si/Au sample

obtained from the reflectometry measurements; εSi and εAu are the dielectric functions of

Silicon2 and Gold6, respectively. The volume fraction of silicon fSi = 0.35 was estimated

from the gravimetric method as mentioned above. After solving Eq. 11, we worked out fAu

for sample np-Si/Au 1 - 4, which is 0.02, 0.05, 0.08 and 0.13(± 0.02), respectively.
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FIG. S1. The Raman spectrum of 100 mM MB on the smooth Au film.
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FIG. S2. SEM top (a) and cross-section (b) image of np-Si before Au impregnation.
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FIG. S3. SEM cross-section image of np-Si+0.02 Au. The labels show the diameter (Da) and area

(Db) of the selected Au clusters and the thickness (Pa) of the pSi layer.

FIG. S4. Spectroscopic ellipsometry results of np-Si without Au clusters (a-b), and the retrieved

complex dielectric function (c).
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FIG. S5. The angular dependence of the reflectance, R, for s- and p-polarisation measured on bulk

silicon (left top) and np-Si with different fraction of Au clusters, the solid lines are the model t.

FIG. S6. The effective real and imaginary part of the dielectric function, εr and εi, as a function

of Au volume fraction.
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FIG. S7. Refractive index of np-Si as a function of the porosity. The solid line represents Maxwell-

Garnett Model, the squares denote experimental results.

FIG. S8. Reproducibility of Raman spectrum of 1 µM MB measured across a few centimetres at

random locations on np-Si+0.02 Au.
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FIG. S9. Optical penetration depth of 800 nm laser as a function of Au volume fraction, f .
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