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Abstract

All-optical signal processing is characterized by high bit-rate, power efficiency, high
bandwidth, and transparency. All-optical logic gates are basic logic units for the all-
optical signal processing implementation. Typically, all-optical gates are based on strong
optical nonlinearities related in particular to semiconductor optical amplifiers (SOA).
We briefly review the state of art in the field of all-optical logic gates and all-optical
memory. In the original part, we discuss the ultrafast all-optical memory loop based on
the Mach-Zehnder interferometer (MZI) with quantum dot (QD) semiconductor optical
amplifier (SOA) in each arm.

Keywords: all-optical signal processing, quantum dots (QD), semiconductor optical
amplifier (SOA)

1. Introduction

Optical signal processing is based on the using of linear and nonlinear optical techniques in

order to manipulate and process digital, analogue, and quantum information [1]. Optical

signal processing increases the processing speed of devices and reduces the energy consump-

tion and latency of communication systems [1]. In particular, ultrafast optical nonlinearities

provide a substantial speed advantage as compared to electronic techniques for simple logic:

switching, regeneration, wavelength conversion (WC), performance monitoring, and analog-

to-digital conversion (ADC) [1]. Silicon photonics and highly nonlinear nanophotonic devices

are providing strong optical nonlinearities for ultrafast processing on millimeter length

scales [1].

The recent progress in optical signal processing is based on the combination of the advanced

modulation techniques, coherent detection, and digital signal processing (DSP) [2]. The

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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interface of all-optical techniques and advanced DSP will enhance electronic processing capa-

bilities [1]. Optical signal processing is essentially based on the following advanced technolo-

gies: coherent detection, high-speed electronics for DSP, advances in strongly nonlinear

materials and devices, photonic integrated circuits (PIC), and access to four optical domains

of amplitude, phase, polarization, and wavelength [2]. A simple digital modulation scheme is

the on-off keying (OOK) referred to as intensity modulation with direct detection (IM/DD) [3].

In such a case, an electrical binary bit streammodulates the intensity of an optical carrier inside

the optical transmitter, and the resulting optical signal is converted to the original signal in the

electrical domain in an optical receiver [4]. The phase modulation combined with the coherent

detection increases the spectral efficiency (SE) of optical communication systems and improves

the sensitivity of optical receivers [4]. In general case, amplitude-shift keying (ASK), phase-

shift keying (PSK) or M-ary quadrature amplitude modulation (QAM) can be realized [3, 4].

Polarization-division multiplexing (PDM), advanced multilevel modulation formats such as

M-ary QAM, digital spectral shaping at the transmitter, coherent detection and advanced

forward error correction (FEC) can increase SE of the communication system [1]. Typically,

DSP must overcome deterministic signal distortions, while FEC overcomes stochastic impair-

ments caused by noise and interference [1]. At the transmitter, DSP together with digital-to-

analog converters (DAC) and FEC converts the incoming data bits into a set of analogue

signals [1]. An optical coherent receiver recovers the amplitude and phase of the signal by

mixing it with the local oscillator (LO) which is typically a continuous-wave (CW) laser [3, 4].

DSP, ADC, and FEC recover the data from the set of analogue electrical signals [1]. The main

functions of the receiver-based DSP are equalization and synchronization [1]. Equalization

must realize the polarization rotation tracking and dispersion compensation including both

the chromatic dispersion and polarization-mode dispersion (PMD) [1]. Synchronization carries

out the transmitter and receiver electrical and optical signal frequency and phase matching [1].

The all-optical signal processing is implemented by using the nonlinear optical phenomena

such as self-phase modulation (SPM), cross-phase modulation (XPM), four-wave mixing

(FWM) related to the third-order susceptibility and sum frequency, difference frequency, sec-

ond harmonic generation (SHG) related the second-order susceptibility [1–4]. The typical

nonlinear elements used in optical communication systems are highly nonlinear optical fibers

(HNLF), silicon waveguides, chalcogenide waveguides, photonic crystals, nonlinear optical

loop mirrors (NOLM), parametric amplifiers, and semiconductor optical amplifiers (SOA)

[2, 3]. SOA are characterized by the extremely strong third-order optical nonlinearity and fast

response and can be integrated monolithically with other devices on the same chip [3].

Optically assisted signal processing combines optics and electronics for what each one of them

does best [2]. Optical components can perform some functions very fast, while electronic

components carry out complex computations with buffers and memory [2]. For instance,

optically assisted network routing technique uses optical correlation on headers of Internet

data packets [2]. Optically assisted signal processing can be also used for a target pattern

search in large amounts of data [2]. In such cases, the data information is encoded on an optical

carrier at Tb/s speed and sent to an optical correlator for pattern recognition [2]. The output at

Gb/s speed is searched and processed electronically with high accuracy before being sent to the

user [2].
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In optical networks, the bandwidth mismatch between optical transmission and electronic

routers results in the development of different optical signal processing and the investigation

of optical packet switching (OPS) [5]. Some applications require selective switching of one or

more bits to a different port [3]. The packet switching takes place when a packet of tens or

hundreds of bits is selected from a bit stream [3]. The flip-flop memory is an essential compo-

nent of the packet switch [3]. Typically, such a memory is implemented using two coupled

lasers switching the output signal between two wavelengths λ1 and λ2 [3]. Recently, we

proposed a novel architecture of an all-optical memory loop combining the ultrafast all-optical

signal processor based on the Mach-Zehnder interferometer (MZI) with quantum dot (QD)

SOA and the DSP block for the mitigation of dispersion and nonlinearity impairments [6].

The chapter is organized as follows. OPS in optical communication systems is discussed in

Section 2. The different types of all-optical logic gates used in OPS are briefly reviewed in

Section 3. The operation principle of the novel all-optical memory is described in Section 4. The

QD SOA theoretical model is briefly discussed in Section 5. The numerical simulation results

and conclusions are presented in Sections 6 and 7, respectively.

2. Optical packet switching (OPS)

OPS process requires many components for buffering, header processing, and switching [3].

Each packet begins with a header containing the destination information [3]. When a packet

arrives at a node, a router reads the header and sends it toward its destination [3]. The basic

element of an optical router is a packet switch directing incoming packets to the corresponding

output ports depending on the information in the header [3].

Consider the architecture and operation principle of the all-optical packet switch. The scheme

of the 1 � 2 all-optical packet switch is shown in Figure 1 [3, 5, 7]. The all-optical packet switch

consists of three functional blocks: the all-optical header-processing block, the all-optical flip-

flop memory block, and the WC block [7]. All-optical header processing can be realized by

using the different methods such as tunable Bragg gratings, FWM in a SOA, terahertz optical

asymmetric demultiplexers (TOAD), two-pulse correlation in a semiconductor laser amplifier

in a loop optical mirror (SLALOM) [5, 7].

Figure 1. System concept for 1 � 2 all-optical packet switches.
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The high-speed memory is necessary for OPS networks in order to avoid the packet collisions

during packet routing [8]. The all-optical flip-flop memory is based on two coupled lasers with

separate laser cavities and can have two states [7]. It is shown in Figure 2 [7].

In state 1, light from laser 1 suppresses lasing in laser 2 emitting CW light at wavelength λ1,

while in state 2, light from laser 2 suppresses lasing in laser 1 emitting CW light at wave-

length λ2 [7]. The output pulse of the optical header processor is used to set the optical flip-

flop memory into the desired wavelength [7]. The amount of light Psw which is necessary for

the change of states, the threshold carrier number Nth, and photon lifetime τp are given by,

respectively [7]:

Psw ¼ E
vgRτp

Lð1� RÞ
ln

1

R

� �

1�
2R

δð1� RÞ

� �

I

q
�
Nth

τe

� �

ð1Þ

Nth ¼
V

τpΓvga
þN0;

1

τp
¼ vg αint þ

1

L
ln

1

R

� �� �

ð2Þ

Here, E is the photon energy, R is the reflectivity at the end facets of lasers, δ is the coupling

constant between the two laser cavities, vg is the group light velocity, L is the length of the

active region in the laser, I is the injection current, q is the electron charge, τe is the carrier

lifetime, V is the volume of the laser cavity active region, Γ is the confinement factor, a is the

gain factor, N0 is the carrier number at transparency, and αint is the internal laser cavity losses

factor. Note that the outputs of the lasers on the left side are defined by the reflectivity at the

end facets of lasers R and do not influence the memory states.

WC component converts the incoming data packet wavelength to the output wavelength of

the flip-flop memory [3]. The demultiplexer directs output at different wavelengths to different

ports depending on the header information [3].

Figure 2. The all-optical flip-flop memory based on two coupled lasers.
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3. All-optical logic gates with SOA

In this section, we briefly discuss the scheme and operation principle of all-optical gates which

are core logic units for the all-optical signal processing system implementation [9]. All-optical

gates may be divided into two groups: without SOA and with SOA [9]. The all-optical gates

without SOA are based on the change in nonlinear refraction index in silica fiber [9]. The

intensity-dependent refractive index of silica results in the following nonlinear optical effects:

SPM, cross gain modulation (XGM), and FWM [2, 9]. The all-optical gates without SOA based

on these nonlinear optical phenomena can be realized in the following configurations: disper-

sion shifted fiber/high nonlinear fiber (DSF/HNLF) configuration; waveguide configuration;

circular configuration; optical channel-dropping (C/D) filter configuration; multilayer wave-

guide configuration; double heterostructure optical thyristor (DHOT) configuration; and

acousto-optical tunable filter (AOTF) configuration [9]. The detailed description and compar-

ison between non-SOA gates are presented in Ref. [9]. For instance, DSF/HNLF, waveguide,

circular, and AOTF configurations are polarization sensitive; DSF/HNLF, waveguide, circular

configurations are characterized by bad or moderate integration capacity [9].

On the other hand, the SOA-based devices are mainly polarization non-sensitive and possess

compact integration capacity [9]. They are highly competitive due to the high nonlinearity, low

switching power, wide gain bandwidth, and compact size [8]. Recently, novel two inputs

optical logic gates (NOT, AND, OR and NOR) based on a traveling wave SOA (TW-SOA)

operating at 40 Gb/s had been demonstrated [10].

The implementation of all-optical gates with SOA is based on the different interferometer

techniques such as ultra-high nonlinear interferometer (UNI), Sagnac interferometer (SI),

MZI, and delay interferometer (DI) [9]. In these techniques, the XPM-induced phase shift is

used for optical switching [4]. Typically, a weak signal pulse is divided equally between two

arms of the interferometer and is undergoing identical phase shift in each arm [4]. In such a

case, it is transmitted through constructive interference [4]. Consider now the situation when a

pump pulse at a different wavelength as compared to the signal pulse is injected into one arm

of the interferometer. As a result, the signal phase in that arm would be changed due to XPM.

If the XPM-induced phase shift is close to π, the signal pulse will not be transmitted due to the

destructive interference at the interferometer output [4]. An intense pulse pump can switch the

signal pulse through the XPM-induced phase shift [4].

In particular, all-optical gate based on SOA-MZI can be realized with the copropagating,

counterpropagating, and copropagating push-pull configurations [9]. Copropagation MZI

operates on the principle of phase change caused by the light propagating through the 3 dB

coupler [9]. MZI copropagating gates consist of a symmetrical MZI with two SOA placed in

the upper and lower arm of the interferometer [9]. Data and clock pulses of different wave-

lengths are inserted into SOA operated under the gain saturation condition, where the optical

gain is distributed between wavelengths according to their relative photon densities [9]. The

data are transferred in the clock pulse in the inverted form in both arms of MZI [9]. After

passing through the first 3 dB coupler, the phase difference π/2 is created between the upper

and lower arms of clock pulse, after passing through the second 3 dB coupler the total phase

Ultra-Fast All-Optical Memory based on Quantum Dot Semiconductor Optical Amplifiers (QD-SOA)
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shift becomes π [9]. Then, if both data have the same value, they will cancel, and at the T-port

0 will appear, if data have different value, then it will not cancel and 1 will appear at the T-port

[9]. In MZI counter-propagating gates, the clock and data pulse propagate in opposite direc-

tions through MZI [9]. If any of the data is 1, then XPM between the clock and data pulse inside

SOA creates the differential phase shift between the two clock components, MZI becomes

unbalanced, and the clock pulse exits at T-port [9]. If both the data are the same, the total

phase shift will become π, and the clock pulse is cancelled at T-port [9].

Consider now a typical all-optical logic element based on transforming of XPM into an inten-

sity modulation and implemented as the MZI copropagating push-pull gate with SOA in the

two arms shown in Figure 3 [9]. The optical fibers are used as interconnects. The SOA-based

MZI with couplers at the input and output is shown in Figure 4. At the SOA-based MZI block

output, there is a coupler shown in Figure 4. The outputs at the right side of this coupler are

connected to the T-port and R-port shown in Figure 3.

Note that the co-propagating data streams configuration permits to avoid the SOA length

restriction, and the MZI with push-pull configuration allows increasing the memory bit-rate

beyond the limitation of the SOA carrier recovery time [8]. The copropagating data streams A

and B of the same wavelengths are inserted into upper and lower arm of MZI shown in

Figure 4.

The data A in the upper arm is ahead of one bit period to data B traveling in the lower arm of

MZI, and the lower arm data B is one bit period ahead to upper arm data A [9]. As a result, a

Figure 3. MZI with push-pull configuration.

Figure 4. SOA–based MZI.
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switching window for data streams occurs [9]. The clock pulse copropagating with the data

streams A and B is inserted into the 3 dB coupler. Assume that the data A is 1 and data B is 0.

Then, the pulse from data A splits into two parts in such a way that one pulse is pushed to the

upper SOA 1 and other is delayed by the switching window. Consequently, the upper SOA 1 is

switched before the lower SOA 2 [9]. The MZI is unbalanced, and clock wave is switched to the

T-port. In the opposite case, when data A is 0 and data B is 1, then lower SOA 2 is switched and

wave also appears at T-port [9]. Assume now that data A and data B are the same. As a result,

SOA 1 and SOA 2 are equally influenced by the injected pulse. The respective push and pull

pulse temporarily coincide with each other, the phase difference between the two arms of MZI

equals to zero, and no switching occurs at T-port [9].

The disadvantages of the all-optical logic gates discussed above are twofold: (i) the operating

speed of SOA is limited by the carrier recovery time of the order of magnitude of 100 ps; (ii) the

scheme can be used only for OOK modulation format [8]. However, the SOA operation rate

can be significantly increased up to 100 Gb/s by using the quantum dot semiconductor optical

amplifiers (QD-SOA) [8, 11]. A theoretical model of an ultrafast all-optical signal processor

based on QD-SOA MZI has been developed with limiting bit rates of 100 and 200 Gb/s at the

injection currents of I = 30 mA and I = 50 mA, respectively [12].

4. All-optical memory loop based on SOA MZI

Consider nowan all-optical memory loop consisting of an ANDgate and a regenerator based on the

two push-pull co-propagating MZI with a SOA in each arm and couplers at the input and the

output shown in Figure 4 and discussed in the previous section [8]. The scheme of the all-optical

memory loop is shown in Figure 5 [8]. The input data burst at the wavelength λ2 is inserted into the

memory through the AND gate is converted into the output data burst at the wavelength λ1 [8]. A

regenerator is used into the loop in order to improve the quality of the data burst at the wavelength

λ1 eliminating the signal degradation caused by dispersion, nonlinearity, and other physical

impacts [8]. The output of the regenerator is fed back to the AND gate as a pump at the wavelength

λ3 [8]. The data can be stored in the loop for a long term [8]. The length of the data burst nTmust be

less than or equal to the length of the memory loop NTwhere T is the bit period [8].

The data format of the all-optical memory shown in Figure 5 is OOK, while for the PSK

modulation format the memory should be modified [8].

Recently, we proposed a novel architecture of an all-optical memory loop combining the

ultrafast all-optical signal processor based on QD-SOA MZI [12] and the DSP block for the

mitigation of the dispersion and nonlinearity impairments [6]. The proposed all-optical mem-

ory loop is shown in Figure 6. The advantages of the novel all-optical memory loop are

following [6].

1. It includes only one MZI with two QD-SOA reducing the complexity of the electronic

synchronization scheme.

2. It can operate at the bit rates up to 100 Gb/s due to the fast gain recovery time of QD-SOA.

Ultra-Fast All-Optical Memory based on Quantum Dot Semiconductor Optical Amplifiers (QD-SOA)
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3. DSP block can improve the signal quality as compared to an MZI-based regenerator.

4. An additional SOA is inserted into the loop in order to compensate the optical fiber losses

and to increase the loop length.

In our case, the phase difference at the output of the QD-SOA–based MZI is caused by the

signal power difference in the upper and lower MZI arms, unlike the MZI copropagating

push-pull gate mentioned above [9]. Typically, 80 and 20% of the input signal power were fed

through the coupler into the upper and lower arm of the MZI, respectively [6]. As a result,

dynamic processes in QD-SOA placed into the upper and lower arms of MZI are characterized

by different carrier relaxation time and gain recovery time, and the flatness of the switching

window is significantly improving [6].

Figure 5. Schematic setup of the all-optical memory based on SOA MZI.

Figure 6. The architecture of the all-optical memory loop based on QD-SOA–based MZI.
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The QD-SOA MZI output light intensity Pout and phase difference ∅1ðtÞ �∅2ðtÞ are given by

Refs. [12–14]:

Pout ¼
Pin

4
{G1ðtÞ þ G2ðtÞ � 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

G1ðtÞG2ðtÞ
p

cos ½φ1ðtÞ � φ2ðtÞ�} ð3Þ

φ1ðtÞ � φ2ðtÞ ¼ �
α

2
ln

G1ðtÞ

G2ðtÞ

� �

ð4Þ

where the Pin is continuous wave (CW) clock stream optical signal divided and introduced into

the two QD-SOA, G1,2 ¼ expðg1,2LÞ and ∅1,2ðtÞ are the gain and phase shift, respectively, in the

two arms of QD-SOA MZI, α is the line width enhancement factor (LEF), g1,2 is the SOA gain,

and L is the active medium length. In order to evaluate the QD-SOA gain, we must use the

theoretical model of the QD-SOA, which will be briefly discussed in Section 5.

5. The theoretical model of the QD-SOA

QD-SOA had been thoroughly investigated both theoretically and experimentally (see, for

example, [15, 16] and references therein). The promising features of QD-SOA such as high

saturation power, broad gain bandwidth, pattern-free amplification of single- and multi-

channel signals, efficient WC can provide high-performance amplifiers and all-optical switches

for optical networks [16].

QD is a nanostructure where the electron and hole movement is confined in the three dimen-

sions, and these dimensions are of a few nanometers [15]. In QD, the charge carriers occupy only

a restricted number of discrete energy levels like the electrons in an atom [15]. The density of

states in QD is quantized, and the number of carriers necessary to fill these states decreases as

compared to the structures with higher dimensionality. Consequently, the threshold current

density in QD lasers substantially reduces, while the transparency and the population inversion

necessary for the optical gain can be achieved more easily [15]. The QD grown by using the

Stranski-Krastanov technology typically has a pyramidal shape with a base of about 15–20 nm

and a height of about 5 nm [15]. The QD has a significant size dispersion, which results in the

inhomogeneous broadening of the QD laser and SOA spectrum [15]. QD structures exhibit

ultrafast gain recovery time which results in the ultrafast carrier dynamics [15]. The active layer

of a QD-SOA contains one or several quantum wells (QW) referred to as a wetting layer (WL)

with a continuous carrier energy band [15]. The electrons in the Stranski-Krastanov grown QD

are typically characterized by two energy levels: the ground state (GS) situated about 100 meV

below the band gap of WL and the excited state (ES), or the first excited level [15]. The energy

level structure of a QD laser or QD-SOA is presented in Figure 7.

The carrier dynamics in QD is described by the system of the rate equations taking into

account the following electron transitions: the fast electron transitions from WL to ES with the

relaxation time τwE � 3 ps; the fast electron transitions between ES and GS with the

corresponding relaxation timesτEG ≈ 0:16 ps; τGE � 1:2 ps; the slow electron transitions from

ES to WL with the escape time τEw � 1 ns. The QD-SOA rate equations have the form [12, 17]:
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∂Nw

∂t
¼ J

eLw
�Nwð1� hÞ

τwE
þ Nw

τEw
� Nw

τwR
ð5Þ

∂h

∂t
¼ NwLwð1� hÞ

NQτwE
�NwLwh

NQτEw
� ð1� f Þh

τEG
þ f ð1� hÞ

τGE
ð6Þ

∂f
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¼ ð1� f Þh

τEG
� f ð1� hÞ

τGE
� f 2

τR
�
gpL

NQ
ð2f � 1ÞSp

c
ffiffiffiffi

εr
p

� gsL

NQ
ð2f � 1ÞSs

c
ffiffiffiffi

εr
p

ð7Þ

where J is injection current density, Nw is the WL carrier density per unit volume, f is the electron

occupation probability of GS, h is the electron occupation probability of ES, Sp,s are the pump

(data A or data B) and signal (clock stream) wave photon densities averaged over the length of

SOA L, gp,s are the pump and signal wave modal gains, respectively, e is the electron charge,

NQ � ð1010 � 1012Þ cm�2 is the QD density per unit area, Lw is the effective thickness of the active

layer, εr is the SOA material permittivity, and c is the free space light velocity. The average

photon densities Sp,s are given by Ben Ezra [12]:

Sp, sðτÞ ¼
½Sp, sðτÞ�in

L

ð

L

0

dz exp
�

ð

z

0

ðgp, s � αintÞdz0
�

ð8Þ

where τ ¼ t� z
vg

� �

, t, z, vgare time, coordinate, and the optical wave group velocity, respec-

tively. The pump and signal wave phase ∅p, s and modal gain gp,s are given by, respectively [12]:

Figure 7. The energy level structure and the electron transitions in a QD.
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θp, sðτÞ ¼ �α

2

ð

L

0

gp, sdz ð9Þ

gp, sðωÞ ¼
2ΓNQ

a

ð

dωFðωÞσðω0Þð2f � 1Þ ð10Þ

where Γ is the confinement factor, l is the number of QD layers, a is the mean size of QD, σ(ω0)

is the cross section of interaction of photons of frequency ω0 with carriers in QD at the

transition frequency ω including the homogeneous broadening factor, F(ω) is the Gaussian

distribution of the transition frequency in the QD ensemble related to the inhomogeneous

broadening. The inhomogeneous broadening is caused by the QD shape and size variations

as it was mentioned above. It is given by Ben Ezra [12]:

FðωÞ ¼ 1

Δω
ffiffiffiffi

π
p exp �ðω� ωÞ2

ðΔωÞ2

" #

ð11Þ

where Δω is related to the inhomogeneous bandwidth, γinhom ¼ 2Δω
ffiffiffiffiffiffiffiffi

ln2
p

, and ω is the aver-

age transition frequency.

6. The simulation results

We solved numerically Eqs. (3)–(11) for the typical values of parameters [12] for the QD-SOA–

based all-optical loop shown in Figure 6 [6]. The numerical simulations have been carried out

for the OOK and pulse amplitude modulation 4 (4-PAM) formats [6]. We used the MATLAB

environment. Simulation results for the eye diagrams in the case of the OOK modulation

format are shown in Figures 8 and 9.

We used the QD-SOA–based all-optical memory model with the loop length of L = 2 km and

the input OOK modulated signal with the bit rate of 50 Gb/s and the quality factor at the input

Q = 15.8932. The comparison of the eye diagrams presented in Figures 8 and 9 shows that after

4 rounds in the loop, the quality factor of the signal decreases by approximately 18%.

Figure 8. The eye diagram for the OOK modulation format, a bit rate of 50 Gb/s after one round in the QD-SOA–based

all-optical memory loop. The memory loop length L = 2 km, T = 10 μs, the quality factor Q = 13.3156.
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The simulations results for the 4-PAM modulation format, QD SOA–based all-optical memory

loop with the length of L = 1 km and bit rates of 50 and 100 Gb/s are shown in Figures 10–13,

respectively.

Eye diagrams in Figures 10 and 11 clearly show that for the bit rate of 50 Gb/s, the patterning

effect is negligible after two rounds in the memory loop. In the case of the bit rate of 100 Gb/s,

the patterning effect is slightly pronounced after the two rounds in the memory loop as it is

Figure 9. The eye diagram for the OOK modulation format, a bit rate of 50 Gb/s after four rounds in the QD-SOA–based

all-optical memory loop. The memory loop length L = 2 km, T = 40 μs, the quality factor Q = 13.0327.

Figure 10. The eye diagram for 4-PAMmodulation format and a bit rate of 50 Gb/s, the memory loop length L = 1 km. The

signal is at the input of the all-optical memory loop.

Figure 11. The eye diagram for 4-PAMmodulation format and a bit rate of 50 Gb/s, the memory loop length L = 1 km. The

signal is after two rounds in the all-optical memory loop.

Optical Fiber and Wireless Communications290



seen from Figures 12 and 13. The QD-SOA–based all-optical memory performance does not

deteriorate up to the bit rate of 100 Gb/s.

The numerical estimations show that for loop length L = 1 km, the light velocity in the optical

fiber v ≈ 2 � 108 m/s and the bit rates of 50 and 100 Gb/s the all-optical memory storage values

are of 0.25 and 0.5 Mb, the storage times are 5 and 10 μs, respectively [6].

7. Conclusions

Optical signal processing substantially increases the device processing speed, provides an

alternative to electronic techniques, and, at the same time, can enhance the processing capabil-

ities of electronics when the optical and electronic signal processing techniques are combined.

Optical packet-switched networks are promising candidates for the advanced optical telecom-

munication systems. All-optical signal processing is essential for ultrafast OPS in such net-

works. Flip-flop memory is a basic component of an all-optical packet switch. We discussed

the all-optical memory based on SOA-MZI. It is characterized by the high performance due to

the SOA high nonlinearity, low switching power, wide gain bandwidth, compact size, and

integration capability with other photonic devices. Unfortunately, the SOA operation rate is

limited by its comparatively slow gain recovery time.

Figure 12. The eye diagram for 4-PAM modulation format and a bit rate of 100 Gb/s, the memory loop length L = 1 km.

The signal is at the input of the all-optical memory loop.

Figure 13. The eye diagram for 4-PAM modulation format and a bit rate of 100 Gb/s, the memory loop length L = 1 km.

The signal is after two rounds in the all-optical memory loop.
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We proposed a novel architecture of the ultrafast all-optical memory based on MZI with two

QD-SOA. QD-SOA is characterized by high operation rate and low threshold current caused

by the 3D carrier confinement and fast electron transitions in QD. For this reason, the operation

rate of the proposed all-optical memory loop increases up to 100 Gb/s. The time delay in the

typical push-pull scheme of the memory loop is replaced with the output signal phase differ-

ence caused by the signal power difference in the MZI arms due to the highly efficient XPM in

QD-SOA. The DSP block is inserted for the dispersion and nonlinearity impairment mitigation.

The proposed all-optical memory loop includes only one MZI with two QD-SOA and reduces

the complexity of electronic synchronization scheme. We carried out numerical simulations of

the proposed all-optical memory loop based on the QD-SOA rate equations and the expression

for the MZI output power for the OOK and 4-PAMmodulation formats. The simulation results

show that the proposed all-optical memory exhibits a high performance up to the bit rate of

100 Gb/s and the corresponding memory storage and storage time values of 0.5 Mb and 10 μs,

respectively.
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