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Abstract
While Fano resonances in nanoparticle clusters have been

predominately studied in the plasmonic area, the recent

observation of magnetic resonances in low-loss dielectric

nanoparticles suggests that Fano resonances are achievable

in all-dielectic nanoparticles. Here we study light scattering

by all-dielectric heptamers composed of silicon nanoparti-

cles. We observe pronounced Fano resonances driven by

magnetic modes as well as their tuning behaviour when the

diameters of the heptamers’ central particles are systemat-

ically varied. The experimental results show good agree-

ment with numerical calculation based on the coupled elec-

tric and magnetic dipole approximation.

1. Introduction
Fano resonances have attracted a great deal of interest in

the recent decade due to their sharp asymmetric lineshapes

and sensitivity to structural and environmental parame-

ters [1–4]. These features give Fano resonance promising

nanophotonics applications, such as sensing [5–7] and op-

tical switching [8, 9]. Numerous plasmonic nanostructures

have been studied and fabricated with successful experi-

mental observation of Fano resonances driven by electric

modes [2, 10]. However, plasmonic nanostructues, includ-

ing metallic nanoparticle heptamers, suffer from a signif-

icant amount of non-radiative loss from the visible to the

mid-infrared spectral region. This motivates research into

low loss, high-refractive-index all-dielectric materials. Re-

cent experiments have shown strong magnetic resonant re-

sponses from subwavelength all-dielectric particles in the

spectral region of interest [11–16]. These observations

now open up a new route for creating Fano resonances in

nanoparticle clusters.

Fano resonances in all-dielectric nanoparticle clus-

ters have not been demonstrated experimentally so far.

Nevertheless, high-refractive-index all-dielectric heptamer

nanophotonics structures have been predicted to exhibit

Fano resonances due to interference of their optically-

induced magnetic eigenmodes [17,18]. Here we verify this

prediction by studying experimentally the optical response

of silicon heptamer structures consisting of seven nanopar-

ticles: six nanoparticles arranged in a ring-like fashion and

one central nanoparticle. We observe pronounced Fano res-

Figure 1: (a) Scanning electron micrographs of the fabri-

cated silicon oligomer structures. Diameters of the central

disk d2 are varied and labeled in the figure while that of

the surrounding disks is 460 nm. All disks have a height of

260 nm. (b) Experimentally measured and (c) numerically

calculated extinction spectra for silicon nanodisk heptamers

with various central nanodisk diameter. Areas of Fano res-

onances are shaded and pointed out with arrows.

onances as predicted, as well as a redshift of the resonance

as the diameter of the central nanoparticles is systematically

increased.

2. Results and Discussions
Experimentally, we realize arrays of heptamers consisting

of silicon nanodisks using electron-beam lithography on

silicon-on-insulator wafers followed by reactive-ion etch-

ing of the top silicon layer. Four different sets of heptamer

structures with various central nanodisk diameters are fab-

ricated. Scanning electron micrographs of single heptamer

structures are shown in Fig. 1.

We measure linear-optical transmittance spectra of

the heptamer arrays with normally incident light using a

custom-built white light spectroscopy setup with an optical

spectrum analyser. These results are presented in Fig. 1(b)



as extinction cross-sections σext, using the relationship to

transmittance T given by the first order approximation to

the Beer-Lambert Law,

σext ∝ (1− T ). (1)

Fano resonance in these structures is associated with

a resonant suppression or a dip in the extinction [17] as

indicated by the arrows in Fig. 1(b) and Fig. 1(c) in the

shaded region. Importantly, a systematic red-shift of the

Fano resonance can be observed as the diameter of the cen-

tral nanoparticles increases.

The existence of the Fano resonance and its lineshape

together with its tuning behaviour agree qualitatively well

with numerical calculations [see Fig.1(b)] based on the cou-

pled electric and magnetic dipole approximation [19], while

the quantitative discrepancy is primarily due to the approx-

imate modelling of the nanodisks as pairs of electric and

magnetic dipoles in the numerical calculation. Other mi-

nor contributions to the discrepancy include sample imper-

fections, influence of the substrate and non-zero interaction

between various oligomers in the sample arrays.

To understand the interference of modes in the heptamer

structure, we need to look at the calculated extinction spec-

tra in terms of the structure eigenmodes. As can be seen in

Fig. 2(a), the magnetic contribution to the extinction spec-

trum is responsible for the overall Fano lineshape while the

electric component plays no role in it. Therefore, analysis

of only the magnetic eigenmodes is sufficient.

Fig. 2(b) shows a decomposition of the three heptamer

magnetic eigenmodes. The raw sum i.+ii.+iii. of the mode

amplitudes shows that in the artificial case where mode in-

teraction is absent, the Fano dip is missing. Here, we notice

that the Fano lineshape in extinction seen in Fig. 2(a) oc-

curs at the intersection of the resonance curves of the two

magnetic eigenmodes denoted by i. and ii. in Fig. 2(b), in-

dicating that the Fano lineshape arises from the interference

of these two resonant eigenmodes.

The dipole distribution of the three eigenmodes in

Fig. 2(c) can be used to further explain the central nanopar-

ticle size dependent tuning behaviour seen in Fig. 1(a) and

Fig. 1(b). The resonant mode denoted by i. is heavily lo-

calized at the central particle, making it very sensitive to

a variation of d2. Whereas, the mode denoted by ii. is

less concentrated at the central particle. Mode ii. is there-

fore not significantly influenced by a variation of d2. The

combination of these two effects therefore results in the ob-

served easily traceable tuning characteristics of the Fano

resonance.

3. Conclusions
We have, for the first time to our knowledge, experimen-

tally observed magnetic Fano resonances in high-refractive-

index all-dielectric heptamers composed of silicon nan-

odisks. Our results agree with the numerical calculation

performed using the coupled electric and magnetic dipole

approximation, showing a systematic tuning behaviour of

Figure 2: (a) Numerically calculated total extinction spec-

trum of the silicon nanodisk heptamer with a 400 nm di-

ameter central particle. Shown also the individual contri-

butions of electric (magenta) and magnetic (brown) eigen-

modes to the extinction cross-section. (b) Decomposition

of the heptamer’s magnetic response into three eigenmodes

and their raw sum, the latter not exhibiting Fano-like char-

acteristics. (c) Distribution of the magnetic dipoles in each

magnetic eigenmode. It can be seen that an asymmetric

lineshape Fano resonance is induced in the extinction spec-

tra around the spectral position where the resonance curves

for the eigenmodes i. and ii. intersect, indicating interfer-

ence of the two eigenmodes.

the Fano resonance as the central nanoparticle diameter

varies. Our coupled-mode analysis confirms that the ob-

served Fano resonances indeed originate from interference

between two optically-induced magnetic modes of the col-

lective heptamer structure. Our results show that Fano res-

onances originated from magnetic modes in all-dielectric

heptamers are very sensitive to geometrical variations, and

hence have the potential for a variety of nanophotonics ap-

plication, such as sensing in conditions not compatible with

the use of metals or plasmonic materials.
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