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Abstract. The magnetic control adjustable characteristics of one-dimensional Thue-Morse 
quasiperiodic structure with nanoparticle magnetic fluid defect local modes are studied by using the 
transfer matrix method. First, the physical model of one-dimensional Thue-Morse quasiperiodic 
structure with nanoparticle magnetic fluid photonic crystal is built. Then, the transmission spectrum 
of one-dimensional Thue-Morse quasiperiodic structure with nanoparticle magnetic fluid is 
calculated by transfer matrix method. Finally, the transmission spectrum of magnetic control 
adjustable characteristics is discussed. The results show that the wavelength of the defect local 
modes shift to the long-wave direction with the refractive index of magnetic fluid increasing; The 
wavelength drift variation increases as the level of the defect local modes at the different level 
increase; The quality factor decreases with the increase of the refractive index for the defect local 
modes at the same level. 

Introduction 
In 1984, Shechtman and others published the report about study of the quasicrystal for the first 

time [1]. It has attracted widespread attention and becomes the research hotspot of materials science 
[2]. Quasicrystal structure is aperiodic structure, which is the structure between periodic structure 
and disordered structure at the structural features. Compared to periodic structure, aperiodic 
structure has no translation symmetry; Compared to disordered structure, aperiodic structure is the 
system of ordering and certainty. Quasiperiodic structure is a kind of the particular aperiodic 
structure. The typical quasiperiodic structures are Fibonacci, Cantor and Thue-Morse [2], etc. 

Thue-Morse quasiperiodic structure has attracted scientists to study in detail, because it is a kind 
of typical quasiperiodic structure. The Thue-Morse sequence can be defined by the recursive 

relations: 1 1n n nS S S +
− −= and ( )1 1 1n n nS S S n+ +

− −= ≥ . If you start from A, the former five dynasties of 
Thue-Morse generations can be written as [2] 

{ }0S A= , { }1S AB= , { }2S ABBA= , { }3S ABBABAAB= , { }4S ABBABAABBAABABBA= . 
Photonic crystal with nanoparticle magnetic fluid is a kind of tunable photonic crystal [3] [4]. 

Because the photonic crystal with nanoparticle magnetic fluid has non-contact magnetic control 
adjustable features, which has attracted application prospect on the new magnetron tunable photonic 
devices, causing the attention of the relevant researchers both at home and abroad, and it has 
became a hot spot in the field of a new tunable photonic crystal. There are scholars who study the 
magnetic field control characteristics of photonic crystal fiber. The magnetic field sensor is made. 
For example, the research team of Nanyang technological university in Singapore fills the 
nanoparticle magnetic fluid of higher refractive index (>1.45) in the hollow of magnetic photonic 
crystal fiber, based on the band gap effect of the photonic crystal fiber with magnetic fluid which 
studies the magnetic fiber optic sensor [5]. The colloid ferrofluid as primitive materials of 
one-dimensional photonic crystals by the team of Ji-ping Huang at Fudan University, which studies 
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the magnetic control of one-dimensional photonic crystals based on colloid ferrofluid [6] [7]. In 
2013, the bandgap management in Two-dimensional photonic crystal Thue-Morse structures are 
studied by Mehdizadeh and others [8]. In 2014, the transmission spectrum of electrons through a 
Thue-Morse graphene superlattice is studied by Korol [9]. 

However, there is rarely report for the study of one-dimensional Thue-Morse quasiperiodic 
structures with nanoparticle magnetic fluid. This paper studies the magnetic control adjustable 
characteristics of one-dimensional Thue-Morse quasiperiodic structure defect local modes with 
nanoparticle magnetic fluid. Firstly, the physical model of one-dimensional Thue-Morse 
quasiperiodic structure with nanoparticle magnetic fluid photonic crystal is built. Then, the 
transmission spectrum of one-dimensional Thue-Morse quasiperiodic structure with nanoparticle 
magnetic fluid is calculated by transfer matrix method. Finally, the transmission spectrum of 
magnetic control adjustable features is discussed. 

Physical Model 
The physical model of one-dimensional Thue-Morse quasiperiodic structure with nanoparticle 

magnetic fluid photonic crystal is as shown in Figure 1. It shows that the fourth generation structure, 
{ }4S ABBABAABBAABABBA= . A is Si dielectric layer that refractive index is 3.42an = , and B is 

dielectric layer of magnetic fluid.  

 
Fig.1. The physical model of one-dimensional Thue-Morse quasiperiodic structure with 

nanoparticle magnetic fluid photonic crystal 

The Results of Numerical Calculation and Discussion 
The Primitive materials of one-dimensional Thue-Morse quasiperiodic structure are Si and 

water-based Fe3O4 magnetic fluids, the optical thickness is equal, 0* * / 4a a b bn d n d λ= = , 0λ  is 

center wavelength. The refractive index bn  of magnetic liquid is closely related to the magnetic 
liquid distribution state of the magnetic particles. The relative influence factors of distribution of the 
magnetic particles in magnetic fluids are: the magnetic dipole interaction between particles, the 
Brownian motion of particles which is closely related to the temperature, extra magnetic field, 
capture light, etc. When the temperature of room is 20 ℃, wavelength of light source is 1550 nm, 
density of water-based of Fe3O4 magnetic field is 1.2 g/mL, the range of the extra magnetic field 

intensity variation from 0 0e to 1661 0e, the refractive index bn of magnetic liquid decreases from 
1.447bhn =  to 1.425bln =  with the increase of magnetic field intensity. Here, water-based Fe3O4 

magnetic fluid as the primitive materials of photonic crystals is selected. 

The refractive index of dielectric layers A and B are an , bn respectively, and its thickness are 
ad , bd  respectively. The light wave incidents to the surface of one-dimensional Thue-Morse 

quasiperiodic structure with nanoparticle magnetic fluid, which is shown in figure 1. The formulae 
which the light reflection and transmission coefficient is calculated by the transfer matrix method 
are [10] 
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where ijm  is the matrix elements of M 
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The reflectance R and the transmittance T respectively are 
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Taking the parameters 3.42an = , 1.425bln = , 1.447bhn = , n 1.4385b = , 0* * / 4a a b bn d n d λ= = , 

the 0 1550nmλ =  is center wavelength. The fifth generation transmission spectrum of 
one-dimensional Thue-Morse quasiperiodic structure with nanoparticle magnetic fluid is calculated 
by transfer matrix method when the refractive index of magnetic liquid changes with the intensity 
of magnetic field, the results are shown in figure 2. The results show that: the wavelength of the 
defect local modes at the same level shift to the long-wave direction with the refractive index of 
magnetic fluid increases. Because the light can transmit stably in the crystal of quasiperiodic 
structure that must match the standing-wave conditions nd kλ= , n  is the refraction index of 
dielectric layer and d  is the thickness. So the wavelength λ  of defect local modes increases with 
the refractive index n  of defect layer increasing for the same level of defect local modes ( k is 
certain) when the thickness d  is certain. 

 
Fig.2. The transmission spectrum of one-dimensional Thue-Morse quasiperiodic structure 

with nanoparticle magnetic fluid 

When the refractive index bn  of water-based Fe3O4 magnetic liquid is different, the changing 
relation of defect local modes of the photonic crystal with different level is shown in table 1. The 

results show that: the drift variation λ∆  of defect local modes 1λ , 2λ  and 3λ  are 4 nm, 8 nm, 16 

nm respectively when the refractive index bn  of magnetic fluid increases from 1.425 to 1.445. 
Accordingly, the wavelength drift variation λ∆  increases with the increasing of the level for the 

defect local modes at the different level (the level of 1λ < the level of 2λ < the level of 3λ ).   
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Table 1 The changing relation of defect local modes of the photonic crystal with different level 

when the refractive index bn  of water-based Fe3O4 magnetic liquid is different 
bn  1λ /nm 2λ /nm 3λ /nm 

1.425 556 1263 1987 
1.435 558 1267 1995 
1.445 560 1271 2003 

The quality factor of defect local modes is defined as 0Q λ λ= ∆ , where 0λ  is the center 
wavelength, λ∆  is the bandwidth of half the peak. The quality factor of the defect localized 

modes 3λ  decreases from 165.58 to 154.08, which is calculated by the figure 2 when the refractive 
index of magnetic fluid increases from 1.425 to 1.445. That is, the higher the refractive index of 
magnetic fluid is, the lower the quality factor of the defect localized mode at the same level is. 

Conclusion  
The transmission spectrum of one-dimensional Thue-Morse quasiperiodic structure with 

nanoparticle magnetic fluid is calculated by transfer matrix method. The relation on the drift 
variation of localized modes and the quality factor of the defect local mode at the same level with 
the change of the refractive index are discussed. The results show that the wavelength of the local 
mode shifts to the long-wave direction with increasing of the refractive index for magnetic fluid; 
The wavelength drift variation increases with the increasing of the level for the defect local mode at 
the different level; The quality factor decreases with the increasing of the refractive index for the 
defect local modes at the same level. That has certain guiding significance for the photonic devices 
such as optical switch, filter in theory. 
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