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We theoretically investigate the feasibility of nonreciprocal light propagation by using the unique features of
quasiperiodic one-dimensional photonic crystals. The intrinsic spatial asymmetry of the Fibonacci sequence leads to
strong non-reciprocal electric �eld distribution, so the nonlinear transmission becomes sensitive to the propagation
direction. In this work we emphasise on bistability and all optical switching where the switching threshold for one
propagation direction is lower than that for the other. In addition we demonstrate that this structure exhibits high
transmission due to the existence of high transmission resonances in its linear transmission spectrum, and these
features allow creating an all-optical diode.
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1. Introduction

An all-optical diode (AOD) is a spatially nonrecip-
rocal device that in the ideal case, for speci�c wave-
lengths and power densities allows the total transmission
of light along the forward direction and totally inhibits
light propagation along the backward direction. AODs
have attracted a lot of attention due to their key role in
designing the key components for the next generation of
all-optical signal processing. AODs are quite compara-
ble with electronic diodes which are widely used in com-
puters for the processing of electric signals. Replacing
relatively slow electrons with photons as carriers of in-
formation would considerably increase the speed and the
bandwidth of telecommunication systems [1, 2], thus con-
structing highly e�cient AODs leads to a real revolution
of the telecommunication industry.
To this end, a variety of structures have been used,

including photonic crystal (PC) waveguides with embed-
ded nonlinear defects [3], asymmetric multilayer struc-
ture consisting of two materials with positive and neg-
ative refractive indices [4], structures with an axially
asymmetric nonlinear absorption [5], the Thue�Morse su-
perlattices [1], heterostructures consisting of metal lay-
ers [2], nanocomposite photonic crystal microcavities [6].
The operation of nonlinear photonic multilayer based

optical diode relies on two principles. First, the struc-
ture must be spatially asymmetric so that the resonant
mode couples more strongly to the wave impinging from
one side than from the other side. Second, the structure
should be strongly nonlinear. Regardless of the strong
asymmetry of the considered lattice optical diode action
is impossible in the linear regime. A spectral resonance
is usually employed to enhance the nonlinear interac-
tion, also providing the structure with a highly transmis-
sive state which is very sensitive to parameter variations.
This causes a direction dependent refractive index change
due to the Kerr nonlinearity [7].
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To increase the structure's sensitivity to the direction
of incidence, it is necessary to increase the spatial asym-
metry of the structure. The concept of quasiperiodic-
ity was transferred to photonic crystals and proved to
be of great value for many practical purposes [8]. Pho-
tonic quasicrystals are deterministically generated dielec-
tric structures with a non-periodic modulation of the re-
fractive index. In the one-dimensional case, they can be
formed by stacking together dielectric layers of several
di�erent types according to the substitutional sequence
under investigation (Rudin�Shapiro, Thue�Morse, Fi-
bonacci, etc.) [9].
The Fibonacci sequence is of particular importance,

since it leads to the existence of two incommensurable
periods in the spatial spectrum of the structure. Such
behavior is typical of sequence with a so-called pure
point spectrum, which makes the Fibonacci sequence
truly quasiperiodic, as a consequence of the appearance
of Bragg-like peaks in the spatial spectrum [10]. In this
paper we study the transmission properties of the Fi-
bonacci quasiperiodic nanostructures composed of linear
and nonlinear layers.
The plan of this work is as follows: in Sect. 2 we study

the linear transmission behavior for di�erent generation
numbers of the Fibonacci quasiperiodic nanostructures.
Then in Sect. 3 we investigate the possibility of optical
diode action for considered structures. Finally, a brief
summary is given in Sect. 4.

2. Linear transmission of Fibonacci

photonic crystals

There are two main approaches to generate 1D quasi-
-periodic sequence. The �rst makes use of a projection
from a higher-dimensional space, while the second em-
ploys the so-called substitutional sequences [11]. Being
strictly quasi-periodic, the Fibonacci sequence can be
obtained by using both of the above methods. How-
ever, these two approaches are not equivalent to each
other, and the use of substitutional sequences tends to
be a more general procedure [12], so it can be easily
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generated according to the following in�ation rule [13]:
A → AB, B → A. The sequence FN , with genera-
tion number N , starts with an arbitrary seed element,
F0 = A for instance, and the in�ation rule is repeatedly
applied to obtain F1 = AB, F2 = ABA, F3 = ABAAB,
etc., which displays the well-known Fibonacci symmetry,
FN+1 = {FN ,FN−1} for N = 1.
Now we consider a TE-polarized monochromatic wave

to be incident normally on the n-th generation Fibonacci
multilayer (nGFM) in Z direction. We use the transfer-
-matrix method [14] to calculate the transmitted spec-
trum and the electric �eld intensity distribution in the
structure.
Figure 1 shows the linear transmission spectra of a light

beam into the Fibonacci multilayered photonic structure
as a function of the frequency. We have chosen medium
B as titanium dioxide (TiO2), whose refractive index is
nB = 2.3 while medium A (nonlinear material) is con-
sidered to have nA = n0 + n2I where n0 = 1.5 and
n2 = 2.3× 10−10 cm2/W as in Ref. [15]. The thicknesses
dA and dB are chosen according to dB = λ0/4nB ≈ 43 nm
and dA = λ0/4nA ≈ 67 nm where λ0 ≈ 400 nm. We can
indicate several important features shown in Fig. 1.

Fig. 1. Linear transmission spectra for right (or left)
incidence versus wavelength with dA = 67 nm and dB =
43 nm for (a) 7GFM, (b) 8GFM, (c) 9GFM, (d) 10GFM.

First, the transmission spectrum of a Fibonacci system
contains forbidden frequency regions called �pseudo band
gaps� similar to the band gaps of a photonic crystal, these
band gaps have gradual formalism for j ≥ 7.
Second, it is clear that the transmission spectrum has

self-similar feature around λ0. This is one of interesting
optical properties of quasicrystals. Also this structure
shows high (perfect and near perfect) transmission res-
onances. Such perfect transmission resonances in asym-
metric structures are promising in designing nonrecipro-
cal optical devices such as nonlinear all-optical diodes.
In Fig. 2 we investigate the linear responses of the

Fig. 2. The dependence of the transmission on the
scaling at the (a) 8GFM and (b) 9GFM with the same
set of parameters as in Fig. 1.

quasiperiodic Fibonacci structure when the system un-
dergoes scaling, i.e. dA, dB → xdA, xdB, where x denotes
the scaling ratio. We can observe that, when the struc-
ture undergoes a small scaling (x = 0.9), the transmission
pro�le shifts to left and shifts to right when its undergoes
the scaling x = 1.1, so we can control the location of the
perfect resonances by changing the thicknesses of the lay-
ers independently, so we can approach perfect resonances
in each desired wavelength.

Fig. 3. The electric �eld intensity distribution in the
9GFM for right (solid line) and left (dashed line) in-
cidences at wavelength 400 nm with the same set of
parameters as in Fig. 1.

Figure 3 shows the electric �eld distribution in the
9GFM for two opposite incident directions. The elec-
tric �eld intensity distribution for left incident direction
is di�erent from the other; also the electric �eld inten-
sity localized for left incidence is larger than for right
incidence so we can say that the nonlinear e�ect in the
structure for left incidence is excited at lower intensities
than that for right incidence. It leads to transmission
becoming sensitive to the propagation direction.

3. Bistability and all-optical diode action

At last we study the nonlinear transmission of 7GFM,
8GFM, 9GFM, and 10GFM as a function of input in-
tensity for forward and backward incidences. As illus-
trated by Fig. 4 the structures exhibit optical bistable
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behavior for both right and left incidences, but bistabil-
ity threshold occurs in di�erent intensities for opposite
incidence directions. In the region between two bistabil-
ity thresholds of two incident directions, in the 7GFM
e.g. the transmission of left incident light is at the upper
branches due to its intensity beyond bistability thresh-
old, whereas the transmission of right incident light is at
the lower branches due to its intensity below bistability
threshold. This strong nonreciprocal transmission can be
useful for AODs. There are two key characteristics for
all-optical diodes: low operating power and high trans-
mission contrast, now we calculate the optimal transmis-
sion contrast for the considered structures.

Fig. 4. Nonlinear transmission versus input intensity
for right and left incident directions for (a) 7GFM,
(b) 8GFM, (c) 9GFM, and (d) 10GFM at the illustrated
pump wavelengths.

Transmission contrast has been de�ned as C = (Tleft−
Tright)/(Tleft + Tright) to characterize e�ciency of AODs
by Gallo et al. [16]. From Fig. 4 it is seen that we can
achieve low operating input intensities by increasing the
generation number of structure. Also the optimal trans-
mission contrast increases and occurs in higher intensi-
ties by increasing the wavelength. So it is possible to
achieve higher contrast transmission by increasing the
pump wavelength. However, it leads to increase in oper-
ating input intensity. For instance, in Fig. 4c the optimal
transmission contrast is 0.916 and it occurs at input in-
tensity 67.5 MW/cm2 at the wavelength 418 nm. By
increasing the wavelength to 420 nm and with input in-
tensity 83.5 MW/cm2, it will be 0.957. Achieving low
operating input intensity is highly desirable to the prac-
tical application of AODs. In this paper our analysis
has shown the feasibility of the Fibonacci quasiperiodic
nanostructures as AODs. These structures show high
unidirectional transmission with low operating intensi-
ties, which is the merit of the structures for design of
AODs. Moreover, 7GFM, 8GFM, 9GFM, and 10GFM

are composed of 21, 34, 55, and 89 layers, respectively.
So the results show that these structures are compact
and it is the other merit of these structures.

4. Conclusions

In this paper we have theoretically studied the optical
properties of the Fibonacci quasiperiodic nanostructures.
By studying the variation of the nonlinear transmission
with light input intensity, for two opposite incident direc-
tions, we have found that these structures exhibit high
unidirectional transmission due to high linear transmis-
sion as shown in Fig. 1 and high transmission contrast
due to the strong asymmetry of the Fibonacci sequence.
Asymmetry of structure increases by increasing the gen-
eration number. So it is seen that the optimal trans-
mission contrast increases by increasing the generation
number. Also it occurs in low intensities. So these struc-
tures as the all-optical diode have high e�ciency in the
nonreciprocation. In this connection, we expect that our
studies would be helpful to create compact nonreciprocal
devices and all-optical diodes in visible regime.
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