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1. Coherent oscillation of free electrons at the metal-dielectric interface can
be excited by an incident electromagnetic wave to be referred as surface
plasmons (SP) [1].

2. SPs are of two types, localized surface plasmon resonance (LSPR) and
surface plasmon polaritons (SPP). LSPR is confined oscillations in
nanostructures when the size of nanostructures is smaller than the
wavelength of light. SPP is propagating waves along the metal surface
introduced by R. H. Ritchie [2].

3. SP resonances in nanostructures are known to depend on the nature of
metal, its thickness, periodicity, and geometry [1]. Surface morphology
and dielectric permittivity of the medium also influence the resonances.

4. Most of the applications use plasmonic resonances (biochemical sensors,
surface-enhanced Raman scattering, and enzyme-linked immunosorbent
assay) demand tunability of it over the spectral range [1].

5. A hexagonally patterned gold substrate with varying morphology is
promising in this aspect [3].

6. We fabricated hexagonally patterned gold nanostructures arrays with
increasing interstice (GNAII) on a glass substrate
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where ωj and γj are frequency-independent 
oscillator resonance frequencies and 

bandwidths, respectively, and fj are the 
oscillator strengths. The background permittivity 

is described by ϵ∞ and ωp is the plasma 
frequency

Lorentz-Drude model

Dielectric permittivity () of gold is given by Lorentz-Drude
model
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where 𝑗 is frequency-independent oscillator resonance 

frequencies,  𝑗 is bandwidths, 𝑓𝑗 is oscillator strengths,  is 

background permittivity and 𝑝 is the plasma frequency 

given as 
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For gold 𝑝 is 1.37 × 1016 s-1

Excitation of SPPs with grating coupling mechanism

The approximate SPP wavelengths can be predicted from [1]
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where 𝑎0 is the periodicity of the array, 𝑚 and 𝑑 are the dielectric constants of the metal and 
the surrounding dielectric medium, respectively.

Sensitivity (S) and figure of merit (FOM) is given as:

𝐒 =
𝐝
𝒅𝒏

, FOM =
𝑺

𝑭𝑾𝑯𝑴

Here λ is resonance wavelength (nm), n is refractive index (RIU) and FWHM is full width at half-
maximum (nm).

[1] T. Thio, H. Ghaemi, H. Lezec, P. Wolff, and T. Ebbesen, Journal of the 
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For 2D triangular lattice, excitation of SPP resonances requires a 
momentum matching of free electrons at the metal-dielectric 
interface with the incident light, 

Kspp= K sin θ + iGx +jGy
where K sin θ is component of in plane wavevector of incident 
light, Gx and Gy are reciprocal lattice vectors and i, j is the Bragg 
resonance orders. 
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FEM simulated reflectance, transmittance and absorbance spectra Schematic of unit cell used for simulation 

Close interstice (0 and 6 mm) Open interstice (8 and 10 mm)
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Electric field distribution (V/m)

1. Electric field distribution reveals 

that hybrid resonances are more 

intense as compared LSPR.

2. Plasmonic resonances redshifts 

with increase in the position.

3. The splitting of peak at 918 nm is 

observed in both open and close 

interstice is attributed to LSPR-SPP 

air/Au (1,0)



Brindhu Malani S and P. Viswanath* 

Tunable Plasmonic Resonances in a Hexagonally Patterned Gold Substrate with 
varying Morphology

Introduction Theory Simulation Experimental Setup Results Conclusion

(a) 0 mm, ( b) 7 mm, (c) 8 mm, (d) 9 mm and (e) 10 mm.

Fabrication of hexagonally patterned gold nanostructure arrays with increasing interstice on glass substrate

(a) A monolayer of polystyrene (PS) colloidal particles is prepared using evaporation
induced convective self-assembly technique on glass substrate [1].

(b) PS monolayer is heated at 110C for 2 min.
(c) Graded connected PS particle sample was fabricated by mounting sample onto a

tilted steel prop (45 ) using reactive ion etching (RIE).
(d) Thin film of 4 nm titanium and 200 nm of gold are sequentially deposited on PS

template mounted on a tilted steel prop (60 ). Post sputtering PS particles were
removed by immersing it in methylene chloride to obtain graded gold
nanostructure arrays.

(e) Transition from close to open interstice occurs at a 7 mm position, on further
increase in it leads to increase in interstice size.

FESEM images of GNAII obtained at different positions. 

0 mm                     7 mm                       8 mm                      9 mm                      10 mm 

[1] M. S. Brindhu and P. Viswanath, Journal of the Optical Society of America B 35, 2501 (2018).
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Refractive index sensingExperimental  reflectance, transmittance and absorbance spectra

1. Reflectance peak occurring at 600 

nm is attributed to LSPR of the nanorods, 

as inferred by the simulation. 

2. The splitting of peak at 930 nm 

occurs at 6 mm position onwards, 

whereas in simulation it occurs from 0 

mm, it is attributed to coupling of LSPR of 

nanoshell, nanotriangle and SPP (1,0) 

Au/air

3. Though simulation predicts two 

peaks (at 700 and 772 nm), however in 

experimental spectra a broad merged 

peak at 700 nm appears, attributing to 

coupling between SPP Au/glass (1,1) and 

LSPR from nanotriangle and nanorods

Sensitivity  increases accompanied by decrease 
in figure of merit (FOM) with position

4. The simulation dip seen at higher wavelength (918 nm) is also observed in the experimental spectra,

is attributed to coupling of LSPR of nanoshell with SPP Au/air (1,0).

Spectral tunability
of 50 nm in 10 mm
length of substrate
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1. Hexagonally patterned gold substrate with varying morphology on a glass substrate is fabricated 
using colloidal lithography with inclined RIE and inclined sputtering.

2. Simulation and experimental optical spectra yield useful insight onto different plasmonic 
resonances such as LSPR  (arising from nanoshells, nanorods, and triangular interstice), SPP (arising 
from gold nanostructure arrays) and hybridized modes (arising from coupling between them).

3. Experimental results are in agreement with the simulation, where similar trend and redshift with 
position is observed.

4. Using this varying morphology, spectral tunability of 50 nm across 10 mm length of the substrate is 
demonstrated.  

5. We utilized LSPR resonance (600 nm) in the reflectance peak for refractive index sensing.
6. Highest sensitivity of 621.6 nm/RIU is obtained for gold nanostructure with largest interstice 

opening, whereas the highest FOM of 5.5 is obtained for closed interstice.
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