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Abstract: We report the use of native aluminum oxide to fabricate periodic metal-insulator-metal 
resonators with simultaneous resonances in the visible and IR wavelengths. The cavity size is in the 
order of  λ3/25000 in the NIR .  
OCIS codes: (240.6680) Surface plasmons; (160.3918) Metamaterials 

 
1. Introduction  

Recent advancements in plasmonics and nanophotonics enabled the development of novel plasmonic materials 
for UV and IR wavelengths[1]–[4]. Au and Ag are the most common materials to study plasmon-enhanced optical 
phenomena such as surface enhanced raman spectroscopy (SERS), surface enhanced infrared absorption (SEIRA) 
spectroscopy and plasmon enhanced harmonic generation[5], [6]. Although Au has a band transiton around 500nm 
which makes it less desirable material for visible and UV plasmonic applications. Being chemically inert material 
and tailorable molecule binding properties make Au a widely used material for sensing applications.[7] Ag is known 
as the optimal plasmonic material due to its low loss in the visible wavelengths. Since Ag is prone to oxidation and 
atmospheric sulfur contamination,  it is not preferred for applications that require durability.[8] Al, on the other 
hand, is  known as a durable metal under atmosphere  owing to its naturally formed thin native oxide layer[9]. 
Despite its use as interconnects in semiconductor fabrication processes, Al is not widely used material in plasmonic 
applications due to its high optical losses in the visible and IR regimes. Yet, Al is used for deep-UV and UV 
applications owing to its high plasma frequency[10]. Although, various plasmonic surfaces were realized using Al 
recently, the effect of native oxide layer on the optical response of these fabricated surfaces has not been analyzed 
deeply. In this work, we used the native Al2O3 and Al for the fabrication of metal-insulator-metal (MIM) plasmonic 
resonators[11]. 

 
Fig 1. (a) Schematic of formation of native oxide MIM surfaces during fabrication process. (b) Simulated reflectance spectrum of MIM structures 
for various Al2O3 thicknesses. (c) Experimental reflection spectra of the fabricated nanodisc structure. Diameter and period of the discs are 
250nm and 400nm, respectively. (Inset) SEM image of the nanodisc array. 

2.  Results 

In Fig.1(a), the schematic of fabricated Al plasmonic surfaces is shown. MIM structures are formed naturally where 
the need for the deposition of insulator layer is eliminated due to native Al2O3 layer.  Typically, fabrication process 
of native oxide based MIM structures requires multiple metal deposition processes. After depositing the first Al 
layer, the vacuum is broken for PMMA coating and e-beam lithography, which is accompanied by formation of a 
thin layer of Al2O3 on the surface of Al. After metal deposition and lift-off processes, MIM structures are formed. 
fabricated structures are characterized by a Fourier Transform Infrared Reflection (FTIR) microscope system 
equipped with a 15x Cassegrain objective. A knife edge aperture is used to limit measurement area to regions 
containing lithographically defined structures (100μm x 100μm). Simulated and reflected spectra are shown in 
Fig.1(b). In the reflection spectra resonances in the NIR wavelengths are observed. Without the oxide layer, no 
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resonance is observed as shown in Fig.1(b). However, as we include oxide layer NIR resonances are emerged. As 
the thickness of oxide increases, this resonance blue-shifts. NIR resonance in the measured reflection spectrum 
proves the resonance is due to presence of native oxide layer as shown in fig.2(b). The size of the cavity is in the 
order of λ3/25000 by assuming a 5nm native Al2O3 thickness.    

 
Fig 2. (a) Schematic of asymmetric of native oxide MIM. (b) Tuning resonance wavelength of asymmetric of native oxide MIM by changing 
width or length of bars  (c) Modelling of resonance wavelengths using Fabry-Perot model. 
 

To estimate the thickness of native Al2O3, we have fabricated asymmetric bar structures as shown in Fig. 2. The 
resonance wavelength is tuned by changing either width or length of the structures as shown in Fig. 2(b). By solving 
the characteristic equation given by (1), we estimated 5±0.5 nm native Al2O3 as shown in Fig. 2(c) where WS,L are 
the widths long the short and long axes, neff is the effective refractive index of the propagating mode and ,  is the 
phase term due to the reflection from the terminations.  

                      , ,      (1) 

3.  Conclusion 

In conclusion, for the first time we have demonstrated the use of native Al2O3 and Al to fabricate MIM resonators. 
The use of native Al2O3 eliminates the deposition of insulator layer. The resonance wavelength can be easily tuned 
by changing the thickness of native Al2O3 layer by exposure time of Al surfaces to air. Our results can help to 
develop more complex Al based plasmonic surfaces in the visible and IR wavelengths for sensing, energy and 
metamaterial applications.    
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