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Abstract 

Light emission can be significantly suppressed in 3D 

photonic crystals at the frequency of a photonic band gap 

but a refractive index contrast above 1.8 is needed. We 

present 3D quasiperiodic structures that can significantly 

reduce the density of states even at lower index contrasts. 

The suppression of 10 dB is demonstrated in simulations 

with refractive index contrast of 1.4. A refractive index 

contrast of 1.6 is investigated experimentally in microwave 

regime. 

1. Introduction 

Complete suppression of light emission can be obtained in 

3D photonic crystals at the frequencies of a photonic band 

gap. For that to occur the band gaps for light propagation in 

different directions should overlap in a certain frequency 

range. Structures that were proposed so far require a 

refractive index contrast of at least 1.8 to open a complete 

photonic band gap [1]. This excludes the application of 

glasses and polymers. For these materials directional band 

gaps have a smaller frequency range. Also the central 

frequencies of directional band gaps differ for different 

directions in photonic crystals and thus an overlap cannot be 

obtained. 

This problem was successfully resolved in 2D photonic 

crystals using quasicrystal structures with higher than 6-fold 

symmetry [2]. Though the possibility to suppress emission 

in structures with an arbitrarily small refractive index was 

not investigated, the required contrast was significantly 

reduced in comparison with periodic structures. At the same 

time the progress with 3D quasicrystals was limited up to 

now and complete emission suppression was not 

demonstrated so far in low refractive index media [3]. 

Here we present quasiperiodic structures that allow an exact 

positioning of the Bragg peaks in reciprocal space [4]. Using 

this approach we demonstrate complete photonic band gaps 

with very small refractive index contrast in 2D and strong 

emission suppression in 3D structures [5]. Additionally, we 

present experimental characterization of the proposed 

structure produced by additive manufacturing for the 

microwave regime.  

2. Results 

The quasiperiodic structures were generated using the 

levelling of a random wave function. The random wave 

function is a sum of N sinusoidal gratings with constant 

wave number |𝑔⃗𝑖| = 𝑔 , optimized orientation and random 

phase 𝜙𝑖. The refractive index perturbation is then obtained 

by levelling with a sign function: 

 𝛥𝑛(𝑟) = Δ𝑛 ∙  sgn{∑ sin(𝑔𝑖 ∙ 𝑟 + 𝜙𝑖)
𝑁
𝑖=1 } (1) 

The Δ𝑛(𝑟) represents the refractive index variation around 

the average index 𝑛̅ . The structure for 46 gratings is 

presented in Fig. 1, where 92 Bragg peaks are 

homogeneously distributed on the sphere keeping an 

icosahedral symmetry. 

 

 
Figure 1: a) The distribution of the 92 Bragg peaks (46 

gratings) on the sphere of radius 1. b) A small volume of 

the structure obtained by the overlap of the gratings from 

a).   

 

The emission in the quasiperiodic structure is studied 

numerically by introducing a small dipole in the center of 
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the simulation volume. The emission is compared to the 

emission in a homogenous structure with the mean 

refractive index 𝑛̅ . The structure size is increased to 

evaluate the maximal emission suppression. In the case of a 

complete photonic band gap, the suppression should 

increase exponentially with the structure size. In our 

structures we observe a saturation of suppression at large 

volume sizes, approaching 10 dB maximal suppression (see 

Fig. 2). A similar behaviour is observed for a larger number 

of gratings and a smaller refractive index contrast of 1.38.  

 

The proposed structures were also manufactured using a 3D 

printer for the 40 GHz microwave range. For that 

polylactide (PLA) plastic was used which has a refractive 

index of approximately 1.59 at this frequency. The 

transmission through the slab of structured material was 

measured at different angles indicating the original 

distribution of Bragg peaks in reciprocal space. 

 

 

Figure 2: Normalized power emitted by a dipole antenna 

in the quasiperiodic structure with 46 gratings and a 

refractive index contrast of 1.6. The power is 

normalized to emission in the homogeneous medium 

with refractive index 1.3. The frequency is normalized 

by the wave number of the gratings and the speed of 

light. Different structure sizes 𝐿 are shown, the lattice 

constant of the gratings was 220 nm. 

3. Discussion and conclusion 

The obtained results show that 10 dB suppression can be 

obtained in low refractive index media by careful reciprocal 

space design. Quasiperiodic structures allow an optimized 

distribution of Bragg peaks in reciprocal space which are 

not bound to periodic boundary conditions. The application 

of levelling and random phase distribution leads to 

homogenous structures out of two materials, where one 

material can be air. 

 

The suppression of 10 dB in glasses and polymers opens the 

way for strong light manipulation with low refractive index 

media. Further investigations are required to improve the 

suppression beyond 10 dB. 
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