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Anharmonic Lattices.
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Nonlinear Extended waves: u. = Acos(kn—t)
w® = 2(1-cosk) + 3(1-cosk)? A®

Harmonic Band w; =2(1-cosk) 0<w, <2

Out of Banddriving u, = A,cos(w,t); @, > 2



3
u, = Acos| ot — pn+ Azsl%t cosh Aa)\/g(n—vt)




YosukeWatanabe, et.al. Phys. Lett. A, 382, 1957 (2018)

Mobile intrinsic localized mode

Large, harmonic excitation at end
above cutoff frequency

Amplitude: 15mm
Frequency: 6.6Hz (cutoff freq. 6.3Hz)




Pendula Chalin

w® =2(k/1?)1-cos p)+(g/l)



Short Pendula Chain Harmonically Driven by One
end There i1s a Free end Pendulum at the Other Side




Discrete Boundary Driven Nonlinear Schroedinger
Equation
R. Khomeriki, Phys. Rev. Lett. 92, 063905 (2004)
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Optical Supratransmission (Jerome Leon)

£ £ £,

+1. O —L.

) U

T




Novelty of the Work

All-optical logic gates, which are responsible for various logical operations in all-optical
circuits, play a key role in ultrafast optical signal processing.

We, actually for the first time, demonstrate the realization of true all-optical NOT,
AND and NAND logic gates using bandgap solitons in photonic crystal waveguides
composed of an experimentally feasible planar air-hole type hexagonal structure.

A key element in the working concept of the proposed all-optical logic gates is the
virtually “perfect digitalization” of the involved time-domain signals inherent to the
process of bandgap transmission.

All investigated gate topologies operate with temporal bandgap solitons having stable
pulse envelopes during signal processing, which is considered as one of the main
advantages of the proposed working concept of the device.

In the proposed setup, there is no need to amplify the output signal after each logial
operation, and can be directly use it as a new input signal for another logical operation.
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Photonic Crystals and Photonic Crystal Waveguides

Unique feature to localize electromagnetic
waves to specific arrays and to guide along
certain directions at restricted frequencies.
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Modal field is
represented as a
superposition of an
infinite number of
space harmonics
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Выступающий
Заметки для презентации
Photonic crystals are multilayered periodic structures, which localize electromagnetic waves to specific arrays and guide along certain directions at restricted frequencies. The typical configurations of 3D photonic crystals are shown in this figure. When one or several rows are removed form the original photonic crystals, the photonic crystal waveguide is formed. Modal field is represented as a superposition of an infinite number of space harmonics using Floquet theorem. We have developed an accurate method, which can be efficiently applied to the guiding problem in periodic and bandgap structures. The advantage of our method if that it allows for the efficient calculation as of the phase constant as well as of the attenuation constant. Later in this problem we will use this formulation to accurately calculate the dispersion diagrams in photonic crystal waveguides, which plays an important role in our analysis. 
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Reduction to Nonlinear Schroedinger Equation

Using the “multiple-scale” analysis, Maxwell equations are reduced to
the nonlinear Schrodinger equation for the slowly-varying wave amplitude:
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which has a soliton solution: Amplitude of soliton.
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Width of soliton. ” Group velocity of soliton.
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S.A Frequency shift
Nonlinear coefficient due to Kerr type
proportional to optical Nonlinearity.
susceptibility x©). V. Jandieri, R. Khomeriki and D. Erni, “Realization of True All-Optical

AND Logic Gate based on the Nonlinear Coupled Air-hole Type
Photonic Crystal Waveguide,” Optics Express , vol. 26, no. 16, 2018.


Выступающий
Заметки для презентации
In this presentation because of time limit we do not give the details of the mathematical formulation, however, the interested researchers can refer
to this reference…. We just mention that using the “multiple-scale” analysis, Maxwell equations are reduced to 
the nonlinear Schrödinger equation for the slowly-varying wave amplitude. This equation has the soliton solution and the important parameters
are marked by circles. F is an amplitude of the soliton, v is a group velocity, …………. 



Realization of All-Optical Logic Gates (2)

Air-Hole
Circular Rods
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Выступающий
Заметки для презентации
Because of Kerr type nonlinearity, which is expressed in Gamma term, we have a frequency shift of the dispersion diagram and the symmetric mode marked by blue line becomes the propagation mode. Other modes are evanescent modes as shown here. So, the gap-solitons are formed based on the symmetric mode. A lot of gates are known so far, however, almost all of them are operated with the continuous wave signals, whereas this work demonstrates a realistic pulse operation that is very important for digital signal processing and particularly on a chip-integrated photonic circuits. Key to the realization of true all-optical logic gates is “perfect digitalization”, which will be shown later in the analysis based on the extensive computations studies. 


Envelope Soliton Profies
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Realization of fully optical NOT logic gate
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Numerical Results and Discussions
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Выступающий
Заметки для презентации
Let us firstly consider a realization of true all-optical NOT logic gate. We have a continuous wave in the middle port and a train of Gaussian pulses in the lower 3rd port. As mentioned previously, the operation frequency is properly chosen so that only one continuous wave cannot lead to the formation of the solitons. However, an additional weak signal in port 3 just triggers the creation of the soliton not influencing much its shape and power. It is very important to mention that the characteristics of the output signal are very close to those of the input signal. This is actually a key element for the realization of true optical devices. We call it “true” all-optical logic gate, because all gate topologies operate with the pulsed signals (solitons) that maintain a stable pulse envelope during each logic operation givign ultrafast full-optical digital signal processing. In other words, a key to the realization of true all-optical logic gates is “perfect digitalization” and the figure below which shows the dependence of the power of output signal versus the power of the input signal in Port 3 demonstrates “perfect digitalization”.  We can see that after some threshold value, the characteristics of the output signal does not show any noticeable changes with respect to the input signal in Port 3. This characterizes all logic gates and the numerical examples which we present in the following slides clearly demonstrate it.



Numerical Results and Discussions

Realization of fully optical NOT logic gate
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Realization of fully optical AND logic gate
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Pulse FDHM =2.22 ps
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Realization of fully optical AND logic gate
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Realization of fully optical NAND logic gate
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Realization of fully optical NAND logic gate
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