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ABSTRACT— Recently, color production by 

using plasmonic structures has widely been 

studied. In this research, a flat and flexible two-

dimensional Kapton-copper plasmonic crystal 

with very low thickness has been fabricated in a 

new and optimal way. Color production is 

performed using our proposed plasmonic 

structure and different colors are achieved by 

changing the incidence angle of light. Also, the 

plasmonic resonance response of the fabricated 

structure has been recorded at the incidence 

angle of 58 degrees. Advantages of our proposed 

structure are low cost, easy fabrication, and very 

small dimensions, and thus this research can be 

useful due to the increasing needs for the 

integration and miniaturizing of optical devices 

in modern nanophotonic systems. 

KEYWORDS: Colorimetry, Color Production, 

Plasmonic Crystal, Plasmonic Resonance. 

I. INTRODUCTION 

Colors play very important roles in human’s 

daily life due to their abilities in carrying 

information. In general, there are three 

mechanisms for color production: a) partial 

absorption of light and reflection of the others, 

b) separating the different colors via the 

scattering, diffraction and material dispersion 

phenomena, and c) light emission at special 

wavelengths. The second method, in which 

colors originate from the interaction of light 

with micro/nanostructures, has been one of the 

most interesting scientific topics due to high 

resolution and contrast, and also high stability. 

Structural color was first studied by Load 

Rayleigh, who explained the blue color of sky 

with light scattering by nanoparticles [1]. Later, 

Gustov Mie developed the scattering model and 

successfully explained the colors of colloidal 

gold nanoparticles. Then the colors of metallic 

nanoparticles related to their structural 

information and thus the possibility of 

controlling the resonant properties has been 

provided [2]. Therefore, plasmonic 

nanostructures have widely been studied for 

color production due to their ability to 

manipulate the behavior of light through the 

surface plasmon resonance [3]-[10]. Plasmonic 

structural colors originate from the resonant 

coupling of light with free electrons (known as 

surface plasmon), and in these structures, 

resonant absorption of light (and reflection of 

the other part of the light) occurs, which can be 

used to produce color [11]-[14]. Plasmonic 

nanostructures have great potential for 

applications such as color filters [15], [16], 

wavelength selective photodetectors [17], 

optical cameras [18], [19], and so on. In 

addition, different colors can also be generated 

by plasmonic structure engineering, such as 

vertical nanorod arrays [20], cross nano 

antennas [21], isolated Au/Ag nano disks 

structures [22], metal–insulator–metal (MIM) 

nano resonators with an insulator sandwiched 

between two metallic materials [23], 

Aluminum dome-ring [24], and so on [25]-[27]. 

Plasmonic colors have a better resolution 

compared to pigment-based colors and are safe 

against the photo bleaching [16], [28]. 

The Kapton film has been selected as a flexible 

substrate in our proposed structure. The flexible 
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Kapton tapes consist of polyimide (PM) film 

and silicone adhesive. Kapton film in addition 

to being flat and flexible, has advantages such 

as: high thermal conductivity [29], very low 

thickness and high mechanical and chemical 

stability. This flexible film has attracted many 

applications such as UV photodetectors [30], 

SERS chip [30], hydrogen sensing [32], high-

electron mobility transistors (HEMTs) [33], 

and cardiovascular applications [34]. 

In this research, a flat and flexible 2D Kapton-

copper plasmonic crystal with very low 

thickness has been fabricated and color 

production has been investigated using the 

proposed plasmonic crystal. Compared to the 

plasmonic nanostructures reported so far, the 

proposed plasmonic nanostructure has 

advantages such as low cost, simple fabrication 

process, miniaturization, flat and flexibility. 

II. EXPERIMENTAL METHODS 

In this work, a flat and flexible 2D plasmonic 

crystal with very low thickness has been 

proposed and fabricated by the soft 

nanolithography method [35]. 

 
Fig. 1. (a) Sample preparation process, and (b) the 

fabricated plasmonic crystal. 

A CCD camera was used to create two-

dimensional pattern onto the Kapton tape. 

Sample preparation process is as follows: at 

first, a CCD extracted and separated from a 

camera, then a layer of the Kapton tape was 

placed onto the CCD by pressuring (Fig. 1(a)). 

After that, sample placed on the heater at 750C 

for 30 minutes. The sample was maintained 

under pressure at room temperature for one 

week to stabilize the two-dimensional pattern 

onto the Kapton tape. The Kapton tape has 

carefully been removed from the CCD after one 

week, and a 2D flexible structure with very low 

thickness has been achieved. 

Finally, a thin layer of copper with a thickness 

of 35 nm is deposited on the 2D Kapton 

substrate. In this way, a flat and flexible 2D 

plasmonic crystal consisting of Kapton-copper 

has been achieved (Fig. 1(b)). 

III. RESULTS AND DISCUSSION 

The SEM image of the fabricated plasmonic 

crystal is shown in Fig. 2 As can be seen, the 

fabricated plasmonic structure has a two-

dimensional periodic pattern. 

 
Fig. 2. SEM image of the fabricated plasmonic 

crystal. 
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In addition, Energy-dispersive X-ray (EDX) 

analysis of the Kapton substrate was performed 

for the chemical characterization of the Kapton 

material. EDX analysis is an analytical method 

for characterization of the elemental and 

chemical composition of the sample. This 

technique is based on the interaction of X-ray 

excitation source and the specimens and shows 

the spectral peaks associated to the present 

element and their composition in the sample 

[36]. EDX analysis is a powerful tool for 

different biomedical fields or other works that 

require elemental characterization. The EDX 

result of the Kapton sample is shown in Fig. 3 

According to the results, the Kapton substrate is 

mainly composed of silicon and it's a silicon-

based material. 

 
Fig. 3. EDX analysis of the Kapton substrate. 

The absorption and transmittance spectra of the 

proposed plasmonic crystal were recorded 

using a UV-Visible spectrometer and are shown 

in Fig. 4 Also, the colorimetry diagram (CIE 

1931) has been extracted using the absorption 

and transmittance data (Fig. 4(c)). As can be 

seen, the absorption and transmittance spectra 

of the fabricated plasmonic structure covers the 

green, yellow, and blue ranges of the visible 

region. 

For a closer look, the reflection spectra of the 

sample measured at different incidence angles 

of 46, 52 and 58 degree (Fig. 5). Metallic 

nanoparticles arranged in a periodic array can 

exhibit extremely narrow and strong excitations 

which is known as plasmonic surface lattice 

resonance (SLR) [37], [38]. This phenomenon 

is result of the coupling between the diffracted 

order (DO) waves in a periodic structure and the 

localized surface plasmon resonances (LSPRs) 

coming from metallic nanowires in the sample 

related to individual NPs. The excitation of 

SLRs depends on different factors such as: the 

size and shape of the NPs, incidence angle of 

light, polarization, and optical surrounding 

environment (refractive index) [39]-[41]. 

 

 

 

 

 
Fig. 4. (a) Absorption spectra, (b) transmittance 

spectra, and (c) extracted CIE colorimetry diagram 

of the sample. 

The proposed plasmonic nanostructure 

composed of a two-dimensional array of Cu 

NPs and it  can confirm the sharp diffracted 

order (DO) waves and LSPR modes. According 

            Wavelength (nm) 

           Wavelength (nm) 
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to Fig. 5, surface lattice resonance (SLR) mode 

for the proposed plasmonic nanostructure has 

been observed in the reflection spectra. The 

weak SLR mode was achieved at the incidence 

angles of 46, and 52 degrees, while the sharper 

and stronger SLR mode was occurred at the 

incidence angle of 580 (Fig. 5). 

 

 

 

 

 

 
Fig. 5. Reflection spectra of the plasmonic structure 

under different incidence angles of (a) 460, (b) 520, 

and (c) 580 for s and p-polarization. 

Also, the resonance dip wavelength is achieved 

at λres≈657 nm for p-polarization, while it is 

occurred only with a red shift at λres≈665 nm for 

s-polarization. This red shift can be explained 

according to the coupling of the dipole moment 

of each neighboring nanorods. 

Finally, the colorimetry diagram (CIE diagram) 

has been extracted using the measured 

reflection spectra and is shown in Fig. 6 As can 

be seen, different colors have been created  by 

changing the incidence angle. Therefore, the 

response of the fabricated plasmonic structure 

is angle-sensitive, which can be explained by 

considering the high angle-sensitivity of the 

plasmonic surface lattice resonance. This 

feature is an advantage for the proposed 

structure that can be used to produce adjustable 

colors. 

 
Fig. 6. CIE colorimetry diagram for different 

incidence angle of light. 

IV. CONCLUSION 

In this study, a flat and flexible 2D plasmonic 

crystal with very low thickness has been 

proposed and fabricated by the soft 

nanolithography method. Also, colorimetry 

diagram was extracted using the experimental 

data and color production is investigated using 

the proposed plasmonic structure. According to 

the results, different colors have been achieved 

by changing the incidence angle of light. In 

addition, the plasmonic resonance response of 

the fabricated structure has been measured at an 

angle of 580. Advantages of our proposed 

structure are low cost, simple fabrication, and 

very small dimension, and thus this research 

can be useful due to the increasing needs for the 

integration and miniaturizing of optical devices 

in modern nanophotonic systems. 
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