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Abstract: We propose and demonstrate planar multispectral image sensors with individual pixel sizes down to 2.5 µm x 

575 nm, and whose resonant wavelength can be tuned by varying the width of the pixel.  

OCIS codes: (110.4234) Multispectral and hyperspectral Imaging; (350.4238) Nanophotonics and photonic crystals; 
(070.5753) Resonators; (230.5160) Photodetectors; (300.0300) Spectroscopy. 

 

1. Introduction: 

The development of compact integrated multispectral imaging sensors has many applications ranging from remote 

sensing to medical imaging. Conventional multispectral sensors rely on the thickness of an interference filter to get 

wavelength sensitivity. In such an approach, however, to sense N wavelengths, we need at least N masking steps and 

the corresponding etching / deposition steps to get the desired spectral sensitivity and this process complexity 

practically limits the number of available spectral bands. Designing resonators that can be tuned by an in-plane 

dimension leads to a planar single step fabrication process that reduces complexity and increases yield. Here we 

demonstrate how to exploit our recent invention [1] of nanoscale silicon fin photodetectors to make nanoscale 

multicolor pixels in a single planar process. We show that we can get separate spectral responses with minimal 

crosstalk from two pixels at separations down to 2 µm. We also show that we can reduce the size of our pixels down 

to 2.5 µm x 575 nm (λ = 770 nm) without degrading the spectral response significantly.     

   

2. Experiments:  

 
Figure1: (a) Schematic of the device showing two silicon fins with different widths (corresponding to different resonant wavelengths) aligned to 

metallic slits (b) Electric field profile (Ez) in a representative 500 nm device at resonance showing the transverse 5th order mode (c) Photocurrent 

spectrum of the devices with fin separation of 2 µm. 

Fig. 1(a) shows a schematic of our device structure for testing minimum pixel pitch. Two silicon fins with different 

fin widths (550 and 600 nm respectively) are surrounded by metals on two sides. When excited with electric field 

polarized along the fin (Ez), each fin supports strong absorption resonances whose center wavelength depends on the 

width of the fin. The electric field (Ez) profile of the resonant mode is shown in Fig. 1(b). The devices use the fifth-

order lateral resonance wherein the fin width (w) and wavelength (λ) are related by w ~ 5λ/2nSi, where nSi is the 

refractive index of Si. The fifth-order resonance is chosen as it provides the highest Q-factor while still remaining 

sub-wavelength in width, which is desirable for dense integration. The same metallic structure is used to both 

enhance the Q of the resonance by acting as high reflectivity mirrors and extract photocurrent from the device. The 

inset of Fig. 1(c) shows an SEM image of a fabricated device. The fabrication procedure is similar to that reported 

in  [1]. The device is biased by applying a voltage (~ 250 mV) to the two outer electrodes and keeping the middle 

electrode as a common ground. Light from a tunable Ti-Sapphire is focused on the sample with a spot size ~2.5 μm 

(FWHM intensity diameter). Fig. 1(c) shows the measured absorption spectra for a two color device with fin 

separation of 2 µm. We can clearly see the primary absorption resonances corresponding to each fin and a weaker 

second peak corresponding to the cross-talk between fins. Reducing fin separation increases cross-talk and the 

secondary peak starts becoming comparable to the primary resonance. We have been able to measure resonances at 
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pixel separations down to 1 µm but at smaller separations, the cross-talk starts to dominate. We believe that the 

cross-talk occurs primarily due to carrier diffusion between the fins and etching guard rings around the fins will 

enable us to push the pixel separation to much smaller length scales. 

 
Figure2: (a) Calculated absorption spectrum of devices with constant fin width 600 nm and varying fin lengths. An SEM image of a 2.5 µm long 

device is shown in the inset (b) Measured absorption spectrum of devices with different fin widths (525 and 625 nm) and fin length 2.5 µm. 

To address the issue of minimum pixel size, Fig.2 (a) shows the calculated absorption spectrum of devices with 

a fixed fin width (600 nm) and varying fin lengths (250 nm to 1.5 µm). We see that the resonance blue-shifts with 

decreasing fin length and the Q-factor of the resonance goes down with decreasing length. Both of these effects can 

be understood by considering the resonant mode in the silicon (polarization Ez) bouncing back and forth (along x in 

Fig. 1(a)) between the gold mirrors. With decreasing length, the mode index goes down (because of lower field 

confinement) which leads to the blue shift according to w ~ 5λ/2nmode and the mode reflectivity off the gold mirror 

also goes down which reduces the Q. The simulations tell us that we should be able to see the resonances for devices 

with fin lengths as small as 500 nm (for a total device cross-section of 600 nm x 500 nm) but in practice we have 

been able to see the resonances in devices with fin length down to 2.5 µm. The SEM image of a fabricated device is 

shown in the inset of Fig. 2(a) and the absorption spectra for two devices with fin widths (575 and 675 nm) and fin 

length 2.5 µm is shown in Fig. 2(b). As can be seen by a comparison between the spectra of Figs. 1(c) and 2(b), 

reducing the length of the fin leads to lower Q spectra. This occurs primarily because of non-resonant absorption in 

the silicon base region that is not covered by metal. As the length of the fins is reduced further to being much 

smaller than the incident spot size (~2.5 μm, FWHM intensity diameter), this non-resonant absorption component 

starts to dominate which is why we have not been able to observe these resonances in smaller pixels. We believe that 

by etching guard rings around the pixels (in effect defining mesas) and using metal to block off the non-resonant 

component, we can push the pixel sizes down to the theoretical limits. 

 

3. Conclusions: 

 

In summary, we have addressed the two fundamental questions of minimum pixel pitch and minimum pixel size 

for our nanofin sensor devices that were recently demonstrated [1]. In terms of minimum pixel pitch, we have been 

able to get substantially separate spectral response at pixel separations of 2µm. By limiting the electrical diffusion, 

we hope to get this down to the sub-micron length scales. As for minimum pixel size, currently we are limited to 

about 2.5 µm in minimum length but simulations show that we can get this down to 500 nm by improved 

fabrication. We believe the devices demonstrated are extremely promising for the development of compact 

multispectral imaging sensors. 
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