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The application of high-dielectric-constant (k) materials, e.g., SizNy, ZrO,, and HfO,, to localized
surface plasmon resonance (LSPR) excited by a Au nanoparticle structure has been investigated
and simulated for the enhancement of light absorption in Si-based thin film solar cells by using Mie
theory and three-dimensional finite-difference time-domain computational simulations. As
compared to a conventional SiO, dielectric spacing layer, the high-k dielectrics have significant
advantages, such as (i) a polarizability over two times higher, (ii) an extinction cross-section 4.1
times larger, (iii) a 5.6% higher transmission coefficient, (iv) a maximal 39.9% and average 25.0%
increase in the transmission of the electromagnetic field, (v) an absorption of the transmitted
electromagnetic field that is a maximum of 2.8 times and an average of 1.4 times greater, and (vi)
increased absorption efficiency and extended cover range. Experimental results show that the
average absorptance in the visible spectrum using high-k enhanced LSPR was maximally 31.1%
higher than that using SiO,, demonstrating that the high-k dielectrics can be used as a potential
spacing layer for light absorption in Au nanoparticle excited LSPR in Si-based thin film solar cells.
© 2011 American Institute of Physics. [doi:10.1063/1.3587165]

. INTRODUCTION

The physics of surface plasmon excitation have been
investigated systematically in recent years. For example,
Maier et al. reviewed the surface plasmon excitation for the
localization of electromagnetic (EM) energy in one, two, and
three dimensions.' Pitarke e al. focused on a theoretical
description for various collective electronic excitations at the
metal surface.” Kuzmiak et al. provided a complementary
approach for calculating the photonic band structures of EM
waves propagating in periodic systems.’ Sakoda e al. and
Ito et al. demonstrated a numerical simulation of dipole radi-
ation based on the finite-difference time-domain (FDTD)
method that provided the accurate dispersion curves, life-
times, and field distributions of the radiational eigenmodes
of photonic crystals, and which is being applied to the inves-
tigation of surface plasmon polaritons (SPPs).*>

For the application of the surface plasmon to photovol-
taics, Atwater et al. reviewed three mechanisms for reducing
the physical thickness of the absorbing layer while keeping
the optical thickness constant for thin film solar cells: (i)
light scattering using localized surface plasmon resonance
(LSPR), (ii) light concentration using particle plasmons, and
(iii) light trapping using SPPs.° LSPR was examined as a
promising approach for increasing the energy conversion ef-
ficiency of photovoltaic devices,"”’™ particularly for thin
film hydrogenated amorphous silicon (a-Si:H) solar cells.'®
The LSPR structure effectively decreases the physical thick-
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ness of the photovoltaic absorption layer while maintaining a
constant optical thickness.®® This is in contrast to other
methods such as a pyramidal surface texture,'' which are
unsuitable for thin film devices due to their large-scale fea-
ture size as compared to the thickness of the device and the
enhanced minority carrier recombination arising from the
relatively larger surface area.®® LSPR is frequently excited
by EM radiation in proximate metallic nanostructures, which
causes selective photon extinction and local EM field
enhancement.'*'® An increase in the short-circuit current
density of a-Si:H solar cells was achieved through the
enhanced transmission of EM radiation from forward scatter-
ing in 50 to 100 nm Au nanoparticles (NPs).'® An increase in
the optical transition rate, which is proportional to the square
of the electric field amplitude, enhances the generation of
electron-hole (e-4) pairs and increases the photocurrent.
Metallic NP structures are commonly used to excite the
LSPR. The dependence of the LSPR on the size, shape, and
material of the particle and on the dielectric environment has
been studied extensively.8 SiO, (refractive index n=1.462,
dielectric constant ¢=2.138 in the visible spectrum)'*
dielectric is the most commonly used spacing layer for real-
izing LSPR as compared to other dielectrics, e.g., sic,®
because it is a good passivation layer, grown easily by ther-
mal oxidation and compatible with most semiconductor fab-
rication processes. The optimum thickness for LSPR has
been reported to be ~25 nm.'® In comparison, high-dielec-
tric-constant (k) materials, e.g., SizNy (n=2.211, ¢=4.891
in the visible spectrum), ZrO, (n=2.179, ¢=4.749 in the
visible spectrum), and HfO, (n =1.934, ¢ =3.740 in the visi-
ble spectrum),14 showed a red-shift in the LSPR wavelength,
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and are used as an optional approach for tuning the reso-
nance frequency.® Due to the intermediate refractive index
between air and Si, they can also be employed as anti-reflec-
tion coating (ARC) materials for Si-surface photovoltaic
devices.'” However, the contributions of the high-k dielec-
trics to light absorption in metallic NP excited LSPR have
been unclear so far, and there are few reports of their use in
plasmon enhanced photovoltaic applications.

This study investigated the light scattering mechanism theo-
retically and experimentally, and it examined the use of typical
high-k dielectrics as a spacing layer to support Au NP excited
LSPR in order to enhance the light absorption in Si-based thin
film solar cells. As compared to the conventional SiO, dielec-
tric, the relative internal field intensity of a single Au NP with a
high-k dielectric spacing layer was increased more than tenfold
at the LSPR wavelength. Its polarizability, scattering, absorp-
tion, and extinction cross-sections showed a maximum 2.8, 4.7,
2.8, and 4.1 fold increase, respectively, when the spherical ra-
dius of the Au NP was 75 nm. According to the Fresnel equa-
tions, the transmission coefficient of the high-k dielectric
spacing layer was also increased by 5.6%. Based on the three-
dimensional FDTD computational simulations, the distribution
of the transmitted EM field intensity via the high-k dielectric
spacing layer was obtained in both vertical and horizontal direc-
tions. Owing to the stronger enhancement of the local field at
the LSPR wavelength, the transmission of the EM field intensity
showed a maximum increase of 39.9% with a mean increase of
25.0%. Moreover, its absorption in a Si substrate was enhanced
by a maximum of 2.8 with an increase of, on average, 1.4 times
relative to those using a SiO, dielectric. The high-k dielectric
spacing layers also improved the absorption efficiency of solar
cells and extended their cover range to the longer wavelength
region, allowing the use of the near-IR (NIR) region in the solar
spectrum. Experimental results showed a 31.1% increase of the
average absorptance in the visible spectrum, which is in agree-
ment with our theory and simulation, and which demonstrates
significantly enhanced light absorption in the application of Si-
based thin film solar cells using Au NP excited LSPR with
high-k dielectric spacing layers.

Il. THEORY

A. Internal field, polarizability, and dispersion relation

In the quasistatic regime, where the incident wavelength
is larger than the particle dimensions, phase shifts or retarda-
tion effects of the EM field are negligible, and only dipolar
excitations are dominant. Therefore, the internal field E; of
the metallic particle in an external field £, which is spatially

o = dnd &p(4) — &m(4) _ 4na3[(8;) —en)(8)
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FIG. 1. (Color online) The relative internal field intensity of a single Au NP
using SiO, and the high-k dielectrics.

homogeneous and constant, can be calculated using the elec-
trostatic boundary conditions at the metal-dielectric interface
as follows:

3e,(4)
ep(4) + 2em(4)’

where ¢,(1) = ¢, (1) + ig,” (1) and &,,(1) = &,/ (1) + ie," (1) are
the wavelength-dependent complex dielectric constants of the
metal particle and the dielectric medium, respectively. The E;
of a single Au (n=0.824 +i2.600, e = —6.573 +i3.414 in the
visible spectrum)'* NP in the quasistatic regime was obtained
in SiO, and high-k dielectric media, as shown in Fig. 1. At the
corresponding LSPR wavelength, the ratio of the internal elec-
tric field intensity |E;|* to the external electric field intensity
|E0\2 was approximately 5.88 for the SiO, dielectric, whereas
this value increased significantly to 62.98, 52.12, and 37.01 for
the SizNy, ZrO,, and HfO, dielectrics, respectively, which is
ten times higher. According to Eq. (1), E; increases to a maxi-
mum when &,(4) + 2¢,,(4) equals zero. High-k dielectrics have
an ¢&,,(4) value closer to the —0.5¢,(A) of a Au NP than the
SiO, dielectric, particularly at the corresponding LSPR wave-
length, giving rise to a significant increase in the internal field
of the Au NP.

According to Mie theory, the polarizability of a particle
describes the relative tendency of the charge distribution,
e.g., the electron cloud distorted by an external electric field
tends to return to the original equilibrium state. Assuming
that a spherical metallic particle has a radius of a, its polariz-
ability o can be expressed as'®

E;=E (D

+28,) + (5, — 8,) (8, +26,) +i3(s56, — &,8,)]

&p(4) + 2em(4)

According to Eq. (2), both the real and imaginary parts, as
well as the absolute value of «, were much higher using the
high-k dielectrics than using the SiO, dielectric, as shown in
Fig. 2(a). For example, |z| of a Au NP with ¢=75 nm

(&) +2¢,)° + (¢ +2¢0)°

pm (2)

[

showed a peak of 4.57 x 1072° m3, 422 x 1072 m?, and
347 %1070 m? using SizNy, ZrO,, and HfO, dielectrics,
respectively, which are approximately 2.8, 2.5, and 2.1 times
higher than those obtained using the SiO, dielectric
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FIG. 2. (Color online) (a) The absolute value of the polarizability of a single
Au NP using SiO, and the high-k dielectrics. Both the real and the imaginary
parts of the polarizability at the corresponding LSPR wavelength are com-
pared in the inset. (b) The dispersion relation for an EM wave propagating at
the interface between Au and dielectrics.

(1.66 x 1072 m3). Because of the close relevance to light
scattering and absorption, the real and imaginary parts of o
were also compared at the LSPR wavelength using SiO, and
the high-k dielectrics, as shown in inset. Moreover, a disper-
sion relation for the EM wave propagating at the interface
between the Au and the dielectrics was obtained, as shown
in Fig. 2(b). The wave number at the interface k, for a sur-
face EM wave was solved based on the following equation:

o [ ep(@)en(0)

k= .
) &p(@) + em(®)

3)

where o is the frequency of the EM wave and c is the speed
of light in vacuum. As compared to SiO,, the high-k dielec-
trics, e.g., Si3Ny, ZrO,, and HfO,, have a lower surface
plasma frequency, indicating a red-shift of the surface
plasma resonance in the wavelength. This is in agreement
with the previous report.®

B. Cross-sections of scattering, absorption, and
extinction

Metallic NPs scatter and absorb light to an extreme
degree at the LSPR wavelength due to the collective oscilla-
tion of the electrons. For a single NP with a diameter well
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FIG. 3. (Color online) (a) Scattering and (b) absorption cross-sections of a
single Au NP (¢ =75 nm) using SiO, and high-k dielectrics. The extinction
cross-section as a function of the wavelength is similar to the scattering
cross-section due to the dominance of the scattering in the extinction.

below the incident wavelength, the scattering cross-section
C,cq and absorption cross-section C,,;, of a dipole model are
defined by the polarizability as follows:'®

Caps = %Im[o@ = 4nd® <2;> Im {M} .G

Light extinction, which is the sum of both scattering and
absorption, is described by its corresponding cross-section as
Coxt=Cyeq+ Cups. Due to the greater polarizability at the
LSPR wavelength, the C;,, C,s, and C,,, of a single Au NP
using high-k dielectrics were enlarged significantly, as
shown in Fig. 3. For example, the C;.,, C.,, and C,,, of a
single Au NP with @ =75 nm using SizN, dielectric reached
a maximum of 1.18x 107> m? 327x 107" m? and
1.51 x 10~"% m?, respectively, which are approximately 4.7,
2.8, and 4.1 times higher than those obtained using the SiO,
dielectric, indicating a stronger reaction between the metallic
NP and the incident light.

For metallic particles that are much smaller than the
wavelength, the extinction in the particle is dominated by the
absorption. In this case, the energy is dissipated in heat,
which is beneficial to applications such as solar glazing and
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FIG. 4. (Color online) (a) Scattering and absorption cross-sections and (b)
the radiative efficiency of a single Au NP as functions of the spherical radius
using SiO, and high-k dielectrics, as compared to the geometric cross-sec-
tion (gray dotted line).

nanoscale lithography. In contrast, for the large size metallic
particles, the scattering dominates in the extinction, and this
is utilized in the application of light trapping in solar cells.®®
Therefore, both Cy., and C,,s using SiO, and the high-k
dielectrics at the corresponding LSPR wavelength were com-
pared as functions of the radius of the Au NP, as shown in
Fig. 4(a). The dominance of the scattering using the SiO,
dielectric required a > ~60 nm; this was reduced to ~50 nm
using the high-k dielectrics. The radiative efficiency or scat-
tering efficiency of Au NPs, which is defined as Cy../C..,
was also obtained, as shown in Fig. 4(b). Using the high-k
dielectrics, the radiative efficiency was much higher than
that obtained using the SiO, dielectric, particularly at a ra-
dius of 50 to 100 nm. For example, the radiative efficiency
using the ZrO, dielectric was 65.1% when a = 60 nm, which
is higher than that found using the SiO, dielectric (52.0%).
This indicates that the high-k dielectrics result in a higher
proportion of scattering in light extinction, which contributes
more to the light trapping in solar cell applications.

C. Scattering direction and transmission coefficient

The scattering of light from a single NP at the LSPR
wavelength is mainly in the forward direction.®® According

J. Appl. Phys. 109, 093516 (2011)

to Mie theory, scattering simulation in SiO, and the high-k
dielectrics as a function of the scattering direction was
obtained, as shown in Fig. 5(a). A forward scattering was
confirmed using the high-k dielectrics for the perpendicular,
parallel, and natural polarization of light, and values are in
agreement with Ebbesen et al.’s report."® Moreover, the in-
tensity of the scattered light in the high-k dielectrics was
about twofold higher than that in the SiO, dielectric. This
forward scattering results in the transmission of an EM field
via the spacing layer, and the transmitted field intensity gives
rise to the optical transition rate and the generation of photo-
current in the absorption layer.'®

A dielectric thin film deposited on a Si surface works as
a single-layer ARC and reduces the surface reflection at a
certain wavelength. However, due to the existence of the me-
tallic particles, which result in the excitation of the LSPR
between the nanoparticle and dielectric, the optical proper-
ties, e.g., the reflectance of the particle-dielectric combined
layer, become complicated for analysis. In this work, we
consider the surface coverage and divide the surface into NP
covered and uncovered regions. The NP covered region is
dominated by LSPR, and it is analyzed using FDTD simula-
tions in Sec. III. In the NP uncovered region, only the dielec-
tric thin film is considered. According to the Fresnel
equations, the transmission coefficient 7 of the EM field via
the spacing layer into the Si substrate was estimated as a
function of the incident angle for both s- and p-polarized
incident light, as shown in Fig. 5(b). Although the absorption
angles were similar, from —60° to 60°, T through the high-k
dielectric spacing layer was higher than that through the
SiO, dielectric. For example, T values through the air/ZrO,
and ZrO,/Si interfaces at the normal incident direction were
calculated to be 0.862 and 0.889, respectively, which is in
contrast to those through the air/SiO, and SiO,/Si interfaces
(0.965 and 0.752, respectively). Assuming negligible energy
dissipation and multi-reflection in the spacing layer, T
through the ZrO, spacing layer was 0.767, which is 5.6%
higher than that through the SiO, spacing layer (0.726). The
higher transmission coefficient indicates an enhancement of
the transmitted EM field, leading to a higher optical transi-
tion rate and, consequently, increased photogeneration of the
e-h pairs.

lll. SIMULATIONS

For the proximately spaced NPs, the particle-particle, par-
ticle-substrate, and particle-substrate-particle EM interactions
complicate the propagation of the transmitted EM field.'®
Therefore, three-dimensional FDTD (Ref. 20) computational
simulations were performed in order to estimate the transmitted
EM field in the absorbing substrate. In this model, spherical Au
NPs were assumed to be arrayed uniformly with a spacing dis-
tance of 400 nm so as to reduce the simulation’s complexity
and processing time. The selected Au NP (x=0 nm, y=0 nm,
z="175 nm) with a spherical radius of a =75 nm was located
on a Si substrate (—200 nm<x<200 nm, —200 nm
<y<200 nm, -2 um<z<—30 nm) with a 30-nm-thick
dielectric spacing layer (—200 nm < x <200 nm, —200 nm
<y<200 nm, —30 nm<z<0 nm) and illuminated by a
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FIG. 5. (Color online) (a) Simulation of
Mie scattering as a function of the scat-
tering direction via SiO, and the high-k
dielectrics for perpendicular, parallel,
and natural polarization of light. (b)
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normal plan wave of air-mass (AM) 1.5 solar spectrum source,
as shown in Fig. 6(a). Perfectly-matched-layer boundary
conditions were applied, and the mesh size was set to 2 nm for
each object and free space. Two monitors were set along the
x-z plane (=200 nm <x <200 nm, y=0 nm, —600 nm
<z< =30 nm) and the x-y plane (—200 nm < x <200 nm,
—200 nm < y <200 nm, z= —500 nm) in order to observe the
vertical and horizontal distributions of the electric field inten-

. AM1.5 Solar Spectrum

] Dielectric
Spacing
Layer
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18 -009 001

(@ (b)

o

FIG. 6. (Color online) (a) Illustration of the 3D FDTD computational model
for simulating the Au NP excited LSPR. The selected Au NP, longitudinal
section, transverse section, and absorption volume are also shown for a com-
parative analysis of SiO, and the high-k dielectrics. (b) The distribution pro-
file of the electric field intensity in Au NP excited LSPR using SiO, and
Si3;N, dielectric spacing layers. The diameter of the Au NP is 150 nm, and
the thickness of the SiO, and Si;N, dielectrics is 30 nm. The wavelength of
the incident light source is 550 nm.

sity, respectively. Another two parallel monitors were set at the
surface (—200 nm <x <200 nm, —200 nm <y <200 nm,
z=0 nm) and at a certain depth (—200 nm < x <200 nm,
—200 nm < y < 200 nm, z= —600 nm) in order to observe the
volume absorption of the electric field intensity as |E; 2 2= 0 nm)
- |E,|2(Z — 600 nm)- Based on these settings, typical distribution
profiles of the electric field intensity for both SiO, and Siz;Ny
dielectric enhanced LSPR were obtained, demonstrating the
existence of LSPR, as shown in Fig. 6(b). The high electric
field intensity beside and below the Au NP were arising from
the particle SPP resonance and the forward scattering of the
incident wave, respectively. '

A. Distribution of transmitted EM field

The distribution of the transmitted EM field intensity
|E/* along the x-z plane via the high-k dielectrics, e.g.,
Si3Ny, and the SiO, dielectric were observed via the longitu-
dinal section (—200 nm < x <200 nm, y=0 nm, —600 nm
< z< —30 nm), as shown in Fig. 7(a). The normalized |E,|*
(x=0nm, y=0 nm, — 600 nm < z < —30 nm) via the SizNy
dielectric reached a maximum of ~39.9% (mean ~25.0%)
higher than those via the SiO, dielectric. This comparison
along the x-y plane was also obtained with the transverse sec-
tion (=200 nm <x <200 nm, —200 nm<y<200 nm,
z=—500 nm), as shown in Fig. 7(b). For example, the nor-
malized |E/|* (x=0 nm, y=0 nm, z=—500 nm) via the
Si3Ny dielectric was ~0.33, which is 37.5% higher than that
obtained via the SiO, dielectric (~0.24). Other high-k dielec-
trics, e.g., ZrO, and HfO,, also show similar advantages.
The spatial simulations show that both the maximum and the
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FIG. 7. (Color online) Comparison of the transmitted EM field intensity via
the Si3N4 (—200 nm <x <0 nm) and SiO, (0 nm < x < 200 nm) dielectrics
along (a) the longitudinal section (—200 nm <x <200 nm, y=0 nm,
—600nm <z< —30 nm) and (b) the transverse section (—200 nm
< x <200 nm, —200 nm <y <200 nm, z=—500 nm).

average values of the transmitted EM field intensity are
enhanced significantly using high-k dielectrics, which is con-
sistent with the previous discussion.

B. Absorption of transmitted EM field

The absorption of the transmitted EM field is essential for
the photogeneration of charge carriers because the optical
transition rate is proportional to the square of the electric field
amplitude.'® In this model, |E,|* was measured at the surface
(|E,|2(Z:0 amy) and at a certain depth in the Si substrate
(|E,|2(Z:,600 amy)- Therefore, the absorption of |E,|2 in the
volume (—200 nm <x <200 nm, —200 nm <y <200 nm,
—600 nm<z<0 nm) was obtained as |E,|2(Z:0 nm)
—|E)*-~ _600 nmy as shown in Fig. 8(a). At the LSPR
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FIG. 8. (Color online) (a) Comparison of the absorption of the transmitted
EM field intensity via SizNg; (=200 nm<x<O0 nm) and SiO,
(0 nm <x <200 nm) dielectrics in the volume (—200 nm < x <200 nm,
—200 nm <y <200 nm, —600 nm < z <0 nm) of the Si substrate. (b) The
absorption efficiency as a function of the wavelength by SiO, and the
high—k dielectrics. The wavelength dependent absorption coefficient of bare
Si is also shown.

wavelength, the normalized absorption of |E,|* showed a strong
peak at a location below the Au NPs due to the enhanced trans-
mission in the near field. The maximum and average values via
the SizN, dielectric were 78.33 and 2.96, respectively, which
are approximately 2.8 and 1.4 times higher than those obtained
via the SiO, dielectric (28.15 and 2.11, respectively). Other
high-k dielectrics, e.g., ZrO, and HfO,, also have similar
advantages.

The absorption efficiency, which 1is defined as
(1 —E - = —600 nm/|Ed|* — 0nmy) X 100%, was also ob-
tained as a function of the wavelength, as shown in Fig. 8(b).
The high absorption efficiency at wavelengths <400 nm was
attributed to the high absorption coefficient of Si in the near-
UV and middle-UV regions. However, a strong peak at
approximately 600 nm resulted from the excitation of near-
field plasmons at the LSPR wavelength. When the wave-
length differs from the LSPR wavelength, the near-field
effect decays considerably, and thereby the absorption effi-
ciency is reduced significantly. According to the simulation
results, both the maximum value of the absorption efficiency
and the cover range of the wavelength were increased using
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FIG. 9. (a) SEM image of the randomly distributed Au NPs on a SiO, sur-
face with an average diameter of 180 to 260 nm. (b) Absorptance using the
SiO, and high-k enhanced LSPR as a function of the wavelength in the visi-
ble spectrum.

the high-k dielectrics. For example, at the corresponding
LSPR wavelength, the absorption efficiency was ~99.6%
using the high-k dielectrics, which is higher than that
obtained using the SiO, dielectric (97.9%). Near the corre-
sponding LSPR wavelength, e.g., at 941.2 nm, the absorption
efficiency was ~47.8% using the high-k dielectrics, which is
more than twice that obtained using the SiO, dielectric
(23.5%). The wavelength of zero efficiency was also
extended to ~1060 nm, as compared to the ~1000 nm
obtained using the SiO, dielectric, indicating that the high-k
dielectric has a wider cover range. As a result, a greater EM
field from the long wavelength range, e.g., NIR region, could
be absorbed, thereby contributing to the photogeneration of
charge carriers.

IV. EXPERIMENTS AND DISCUSSION

First, a p-type polished Si wafer was precleaned as the
substrate, onto which 30-nm-thick SiO, and high-k dielec-
trics were deposited via plasma-enhanced chemical vapor
deposition and RF sputtering, respectively. Then, a 12-nm-
thick Au film was deposited via thermal evaporation, fol-
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lowed by an annealing process in a furnace with a N, atmos-
phere at 400 °C for 50 min. The Au NPs were formed due to
the surface tension at high temperature, and their formation
is confirmed via scanning electron microscope (SEM), as
shown in Fig. 9(a). The average size of the randomly distrib-
uted NPs was about 180 to 260 nm, responding equally to
any polarizations. It is noted that the physical properties of
the high-k dielectrics are sensitive to their fabrication and
annealing processes. However, their optical properties still
showed a stable performance after a high temperature (over
900 °C for 30 min) annealing test, which was not shown
here. Therefore, the annealing effect on the dielectric spacing
layer was not considered in this work.

The surface reflectance R of the samples were measured
via a UV-Visible spectrometer, and the absorptance A was
obtained as 1 — R, as shown in Fig. 9(b). In comparison with
the theoretical simulation using the ideal NP, the peak ab-
sorptance was not observed at the LSPR wavelength due to
the random size distribution and shape of the NPs, which led
to a deviation and dispersion of the LSPR wavelength from
the theoretical estimation. Even so, the enhancement of the
absorptance using the high-k dielectrics was confirmed, and
this was consistent with our theory and simulation. For
example, the average absorptance in the visible spectrum
using high-k enhanced LSPR was about 0.754, 0.749, and
0.838 for Si3Ny, ZrO,, and HfO,, respectively, which is
18.0%, 17.2%, and 31.1% higher than that obtained using
Si0O, (0.639).

V. CONCLUSION

The enhanced light absorption in Au NP excited LSPR
using high-k dielectric spacing layers, e.g., Si3Ny, ZrO,, and
HfO,, was theoretically and experimentally investigated. As
compared to conventional SiO, dielectrics, the high-k dielec-
trics had significant advantages, such as higher polarizabil-
ity, a larger extinction cross-section, higher transmission and
absorption of the EM field, improved absorption efficiency,
and an extended cover range. Experimental results show that
the average absorptance in the visible spectrum obtained
using high-k enhanced LSPR was maximally 31.1% higher
than that found using SiO,, demonstrating that the high-k
dielectrics can be a potential spacing layer for light absorp-
tion in NP excited LSPR in Si-based thin film solar cells.
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