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Abstract
The carrier reservoir semiconductor optical amplifier (CR-SOA) is considered an appeal-
ing alternative for overcoming the slow gain response of the conventional SOA and sup-
porting all-optical (AO) logic operations at enhanced data rates. In this paper, CR-SOAs 
are employed in the Mach-Zehnder interferometer (MZI) to theoretically investigate and 
demonstrate, for the first time, the AO NOT-OR (NOR) logic operation at 120 Gb/s on-off 
keying of return-to-zero pulse format. To confirm the potential and suitability of using CR-
SOAs in this context, we compare the performance of the logic scheme against that with 
the conventional SOAs by examining and assessing the dependence of the NOR gate’s 
quality factor (Q-factor) on various key operating parameters, which include the input 
power, the injection current, and the data rate in the presence of noise incurred by ampli-
fied spontaneous emission for more realistic calculations. The results show that owing to 
the CR-SOAs’ faster dynamic response, the CR-SOAs-MZI is a favorable technological 
option for implementing the NOR logic gate at 120 Gb/s, since it achieves a Q-factor 
value of 14 and accordingly high quality correct operation, as opposed to the unacceptable 
value of 4.4 when utilizing for the same purpose the corresponding switching module with 
conventional SOAs.

Keywords  All-optical NOR logic operation · Carrier reservoir semiconductor optical 
amplifier · Mach-Zehnder interferometer · Quality factor
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1  Introduction

The NOT-NOR (NOR) logic gate is a universal gate that is used to create any Boolean 
function (Xu et al. 2008), build combinational logic circuits (Jung et al. 2008), manage 
packet contention (Scaffardi et al. 2007), and monitor bit error rate (Chan et al. 2003). For 
this purpose, it is equally important in the optical domain, where it is thus highly desirable 
to be implemented. To this aim, the semiconductor optical amplifier (SOA) is as an attrac-
tive nonlinear element that owing to properties such as the low power consumption, the 
low-cost factor, the large bandwidth, the compact size, and the affordable integration with 
other optoelectronic devices (Kotb et al. 2018), has extensively been used for designing all-
optical (AO) logic gates, like the NOR at different data rates (Kotb et al. 2018; El-Saeed et 
al. 2016; Mehra et al. 2013; Sun et al. 2007; Xu et al. 2006; Kotb 2013a, b, 2015; Kotb and 
Guo 2020a, b; Dimitriadou and Zoiros 2012; Dutta and Wang 2013). However, the SOA 
operation beyond data rates of the order of 100 Gb/s is hindered by its inherently slow gain 
response. Thus, finding other alternative active nonlinear elements that can overcome this 
limitation of conventional SOAs is very crucial. Recently, the carrier reservoir SOA (CR-
SOA) has been employed to implement AO XOR, AND, OR, NAND, and XNOR logic 
gates (Kotb et al. 2021a, b, c; Kotb 2021). In this paper, we extend, complete, and general-
ize our prior work on AO gates using CR-SOAs (Kotb et al. 2021a, b, c; Kotb 2021) by 
computationally treating the AO NOR logic gate at 120 Gb/s on-off keying of return-to-zero 
(RZ-OOK) pulse format. For this purpose, two symmetrical CR-SOAs are incorporated in 
the Mach-Zehnder interferometer (MZI), which is the prominent technological candidate 
for realizing AO switching functionalities (Kotb 2021). The dependence of the NOR gate’s 
quality factor (Q-factor) on various key operating parameters, such as the input power, the 
injection bias current, and the data rate is examined by comparison between CR-SOAs- 
and conventional SOAs-assisted MZI. The effect of amplified spontaneous emission (ASE) 
noise on the Q-factor for both CR-SOA and conventional SOA is also taken into account for 
more realistic calculations.

2  AO NOR logic gate

2.1  Principle of operation

A NOR logic gate gives ‘1’ at its output only when both of its inputs are ‘0’, else it produces 
a ‘0’ for any other input binary combination. The schematic diagram of the NOR diagram 
build using as a core module the CR-SOAs-assisted MZI is shown in Fig. 1, together with 
the corresponding truth table.

The circuit shown in Fig. 1 is used to achieve the AO NOR operation with either CR-
SOAs or conventional SOAs embedded in the MZI. Via wavelength-selective couplers 
(WSCs), input data signals A and B at two different wavelengths λΑ and λΒ, respectively, are 
combined and injected into the upper arm of the CR-SOAs-MZI at port 1 (i.e. CR-SOA1), 
while a signal of repetitive pulses, i.e. a clock signal (Clk) at λClk, enters the lower arm of 
the CR-SOAs-MZI at port 2 (i.e. CR-SOA2). Concurrently, a continuous wave (CW) beam 
at λCW is divided by a 3 dB optical coupler (OC) into two halves, which enter distinctly 
CR-SOA1 and CR-SOA2 through the CR-SOAs-MZI middle arm at port 3. The binary con-
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tent of signals A and B modulates the gain and phase of the CW split constituents through 
the CR-SOAs cross-gain modulation (XGM) and cross-phase modulation (XPM) nonlinear 
effects. When light of two distinct wavelengths, i.e. a pump and a probe, is fed into the AR, 
XGM manifests as a result of gain saturation in (CR)-SOA. The available optical gain is 
allocated between the two wavelengths depending on their relative photon densities when 
(CR)-SOA is operated under gain saturation conditions. Changes in the pump power have 
an inverse influence on the probe gain, resulting in data transfer required for logic gate 
realization. When two optical signals are injected into the (CR)-SOA at the same time, the 
carrier density dynamic perturbation alters not only the optical gain but also the refractive 
index, which through XPM induces a phase change on the probe signal and thus results in 
data switching. When at least one of A or B is present, i.e. A = ‘1’ and B = ‘0’, A = ‘0’ and 
‘B = ‘1’, or A = ‘1’ and B = ‘1’, CR-SOA1 becomes saturated by their combination. Under 
the simultaneous presence of all 1’s contained in the Clk signal, CR-SOA2 is also driven 
into saturation. As a consequence, the CW components inserted into CR-SOA1 and CR-
SOA2 encounter identical dynamic properties, so that they interfere destructively when 
recombined at the output OC, thus resulting in a logical ‘0’. On the contrary, when both A 
and B are ‘0’, all 1’s in the Clk signal break the MZI balance so that the CW beam replicas 
interfere constructively resulting in a logical ‘1’ at the output. The output of this procedure 
is imprinted on the outgoing CW beam at λCW selected by an optical bandpass filter (OBPF).

2.2  Modeling

In CR-SOA, the CR layer is grown in the vicinity of the active region (AR), as shown in 
Fig. 2 (Dutta and Wang 2013; Kotb et al. 2021a, b, c; Kotb 2021). The ultrafast transition is 
in the range between 0.5 and 5 ps from the filled CR to the depleted AR.

The active region (AR) layer in CR-SOA has a greater bandgap than the CR layer. Carri-
ers in both AR and CR begin to fill the available states when an injection current is applied. 
At low current, the AR has a larger carrier density than the CR. As the injection current is 
raised, the CR accumulates enough carriers to function as a reservoir of supplied carriers. 

Fig. 1  Schematic diagram of NOR gate build using CR-SOAs-assisted MZI and corresponding truth 
table. CW: continuous wave. OC: 3 dB optical coupler. WSC: wavelength-selective coupler. OBPF: opti-
cal bandpass filter
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The incident photons are driven into the AR by the stimulation emission process and collide 
with electrons, creating photons. The carriers depleted in the AR by an intensive signal in 
the active area are immediately replaced by the heavily filled CR’s. The CR-SOA gain and 
phase response can be accelerated by transitioning from the CR to the AR in a few picosec-
onds (Dutta and Wang 2013). At high intensities, the intraband nonlinear effects of the car-
rier heating (CH) and spectral hole burning (SHB) manifest inside CR-SOA at an ultrashort 
time scale of subpicoseconds. The influence of CH and SHB should be taken into account 
for accurately modeling the CR-SOA behavior. Therefore, the nonlinear effect of carrier 
recombination between the AR and CR levels as well as the intraband nonlinear effects of 
both CH and SHB are considered through the first-order differential rate equations for each 
CR-SOA, i.e. (Dutta and Wang 2013; Kotb et al. 2021a, b, c; Kotb 2021):

	
dhAR(t)

dt
=

hCR(t) − hAR(t)
τt(1 + η)

+
η h0

τc(1 + η)
− hAR(t)

τc
− (exp [hAR(t) + hCH(t) + hSHB(t)] − 1)

Pin(t)
Esat

� (1)

	

dhCR(t)
dt

= −η(hCR(t) − hAR(t)
τt(1 + η)

+
h0 − hCR(t)
τc(1 + η)

− hCR(t)
τc

� (2)

	
dhCH(t)

dt
= −hCH(t)

τCH
− εCH

τCH
(exp [hAR(t) + hCH(t) + hSHB(t)] − 1) Pin(t)� (3)

	
dhSHB(t)

dt
= − hSHB(t)

τSHB
− εSHB

τSHB
(exp [hAR (t) + hCH(t) + hSHB(t)] − 1) Pin(t) − dhAR(t)

dt
− dhCH(t)

dt
� (4)

where the different functions ‘h’ represent the CR-SOA gain integrated over the CR-SOA 
length for the carrier recombination between AR and CR, CH, and SHB. τt and τc are the 
transition times from the CR layer to the AR layer and the carrier lifetime in both AR and 
CR, respectively. η is the population inversion factor given by η = NAR/NCR (Dutta and 

Fig. 2  Band diagram of CR-SOA 
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Wang 2013), where NAR and NCR are the carrier densities in AR and CR, respectively. 
h0 = log[G0], where G0 is the unsaturated power gain linked to the CR-SOA parameters by 
G0 = ɑΓ (Iτc/eV - Ntr) L (Dutta and Wang 2013), where ɑ is the differential gain, Γ is the 
optical confinement factor, I is the injection current, e is the electron charge, V is the AR 
volume, Ntr is the transparency carrier density, and L is the length of the AR. The quantity 
Ntr is defined as the carrier density at which the optical gain is zero. The typical value of Ntr 
for InGaAsP amplifiers is between 1.0 and 1.5 × 1018 cm3 (Dutta and Wang 2013). Esat = Psat 
τc = wdћω0/ɑΓ (Dutta and Wang 2013), where Esat is the saturation energy, Psat is the satura-
tion power, w & d are the width and thickens of the AR, respectively, ћ is Planck’s constant 
divided by 2π, and ω0 is the central optical frequency. τCH and τSHB are the temperature 
relaxation rates for CH and SHB, respectively. εCH and εSHB are the nonlinear gain compres-
sion factors for CH and SHB, respectively. The time-dependent differential equations for the 
conventional SOA and the related equations are presented in detail in Chap. 9 of Ref. (Dutta 
and Wang 2013). Pin(t) is the time-dependent input power of signals A, B, and Clk, assumed 
to comprise Gaussian-shaped RZ-OOK pulses, i.e. (Kotb 2015; Kotb and Guo 2020a, b):

	
PA, B, Clk(t) ≡ Pin(t) =

N∑

n=1

an(A,B,Clk)
2
√

ln[2] E0√
π τFWHM

exp

[
−4 ln[2](t − n T )2

τ 2
FWHM

]

� (5)

where αn(A, B) = ‘1’ or ‘0’ and αn(clk) = ‘1’, E0 is the pulse energy, τFWHM is the pulse width 
(FWHM: full-wave at half-maximum), N is the length of the pseudorandom binary sequence 
(PRBS) of each data A, B, taken herein as N = 27-1 (Kotb et al. 2018; Kotb 2015; Kotb and 
Guo 2020a, b), and T is the bit period defined as the inverse of the data rate in Gb/s (i.e. 
T = 1000/data rate).

The input optical powers entering CR-SOA1 and CR-SOA2 as shown in Fig.  1 are, 
respectively, expressed by (Sun et al. 2007):

	 Pin, CR−SOA1(t) = PA(t) + PB(t) + 0.5 PCW � (6)

	 Pin, CR−SOA2(t) = PClk(t) + 0.5 PCW � (7)

where coefficient ‘0.5’ denotes the divided by the 3 dB OC parts of the CW input coupled 
into the MZI interferometer middle arm. Then, the NOR power at the CR-SOAs-MZI output 
is given by (Kotb 2013a, b; Kotb and Guo 2020a, b):

	
PNOR(t) = 0.25 PCW



GCR−SOA1(t) + GCR−SOA2(t) − 2
√

GCR−SOA1(t) GCR−SOA2(t)

cos [ΦCR−SOA1(t) − ΦCR−SOA2(t)]



� (8)

where GCR-SOA1,2(t) and ΦCR-SOA1,2(t) are, respectively, the gains and phase shifts of the 
CR-SOA1 and CR-SOA2 induced on the CW beam components traveling through these 
devices. The total output gain of each CR-SOA, including the interband as well as intraband 
nonlinear effects, is described by (Dutta and Wang 2013):

	 GCR−SOAi
(t) = exp [hAR(t) + hCH(t) + hSHB(t) ], i = 1, 2 � (9)
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The total phase shift induced on the CW beam launched into each CR-SOA is given by 
(Dutta and Wang 2013):

	 ΦCR−SOAi
(t) = − 0.5 (αhAR(t) + αCH hCH(t) ), i = 1, 2� (10)

where α symbolizes the traditional linewidth enhancement factor (i.e. α-factor) and αCH is 
the linewidth enhancement factor for CH. As it is implied from Eq. (10), the contribution of 
the linewidth enhancement factor for SHB (αSHB) is null, i.e. αSHB = 0 (Kotb 2013a, b, 2021; 
Kotb and Guo 2020a, b; Dutta and Wang 2013; Kotb et al. 2021a, b, c).

The time-domain Eqs. (1)-(10) have been combined and solved using Adams numeri-
cal method run in Wolfram Mathematica®. For a fair performance comparison, the default 
operating parameters cited in Table 1 (Kotb et al. 2018, 2021a, b, c; El-Saeed et al. 2016; 

Table 1  NOR default operating parameters (Kotb et al. 2018, 2021a, b, c; El-Saeed et al. 2016; Mehra et al. 
2013; Sun et al. 2007; Xu et al. 2006; Kotb 2013a, b, 2015, 2021; Kotb and Guo 2020a, b; Dimitriadou and 
Zoiros 2012; Dutta and Wang 2013)
Symbol Definition Value Unit
E0 Pulse energy 0.8 pJ
τFWHM Pulse width 1 ps
T Bit period 8.33 ps
N PRBS length 127 -
λA Wavelength of signal A 1549.2 nm
λB Wavelength of signal B 1535 nm
λClk Wavelength of Clk 1555 nm
λCW Wavelength of CW 1550 nm
I Injection current 200 mA
Psat Saturation power 30 mW
τc Carrier lifetime 200 ps
τt Transition lifetime from CR to AR 5 ps
sη Population inversion factor 0.3 -
α α-factor 5 -
αCH Linewidth enhancement factor for CH 1 -
αSHB Linewidth enhancement factor for SHB 0 -
εCH Nonlinear gain compression factor for CH 0.2 W− 1

εSHB Nonlinear gain compression factor for SHB 0.2  W− 1

τCH Temperature relaxation rate 0.3 -
τSHB Carrier-carrier scattering rate 0.1 ps
Γ Optical confinement factor 0.3 -
ɑ Differential gain 10− 16 -   cm2

Ntr Transparency carrier density 1018 cm− 3

L Length of AR 0.5 mm
d Thickness of AR 0.3 µm
w Width of AR 3 µm
G0 Unsaturated power gain 30 dB
NSP Spontaneous emission factor 2 -
υ Central optical frequency 193.55 THz
B0 Optical bandwidth 2 nm
h Planck’s constant 6.63 × 10− 34 J.s
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Mehra et al. 2013; Sun et al. 2007; Xu et al. 2006; Kotb 2013a, b, 2015, 2021; Kotb and Guo 
2020a, b; Dimitriadou and Zoiros 2012; Dutta and Wang 2013) are used for both CR-SOA 
and conventional SOA.

A comparison of the temporal gain response between the CR-SOA and the conventional 
SOA at 120 Gb/s is shown in Fig. 3(a) and (b), respectively. From this figure, it is appar-
ent that because of the shorter transition time in the 0.5 to 5 ps range from the CR to the 
AR in the CR-SOA, the latter can be operated, and hence exploited for switching, at faster 
rates with uniform gain variation, as opposed to the conventional SOA, which suffers from 
irregular gain variation.

The waveforms of the input and output signals of CR-SOA1 and CR-SOA2 at 120 Gb/s 
are depicted in Fig. 4. According to Eq.  (6), the form of Pin, CR-SOA1(t) is the logic com-
bination of A = ‘0’, B = ‘1’ and A = ‘1’, B = ‘0’, which are simultaneously launched into 
CR-SOA1. The CW probe beams from both CR-SOA1 and CR-SOA2 interfere at the MZI 
output, and the NOR output gate is realized.

We simulate the signal gain as a function of the wavelength from 1350 nm up to 1600 nm 
for both CR-SOAs and SOAs at 120 Gb/s, as presented in Fig. 5. The CR-SOA provides 
higher gain, which allows for more efficient all-optical switching, across the whole exam-
ined spectral span, including the 1550 nm window which is of particular interest for optical 
telecommunications.

The 27-1 PRBS data streams A and B and the corresponding output of the NOR gate for 
CR-SOAs- and SOAs-based MZI at 120 Gb/s are shown in Fig. 6. Figure 7 shows the corre-
sponding eye diagrams of these data streams A and B and of the NOR gate output using both 
CR-SOAs and conventional SOAs. The Q-factor is a sensitive performance metric and is 
calculated for evaluating the performance of the target operation. The Q-factor is defined as 
(P1 - P0)/(σ1 + σ0) (Dutta and Wang 2013), where P1,0 and σ1,0 are the mean peak powers and 
standard deviations of binary outputs ‘1’ and ‘0’, respectively. This metric must be greater 
than 6 so that the associated bit error rate (BER), which is linked to the Q-factor by BER = 
(2π)−1/2 exp[− 0.5 Q-factor2]/Q-factor (Thapa et al. 2019), is less than 10− 9 for acceptable 
logic performance (Kotb and Guo 2020a, b). The Q-factor values obtained for the NOR 
logic gate at 120 Gb/s using CR-SOAs and conventional SOAs are 14 and 4.4, respectively. 
From this outcome, it is evident that a better performance is achieved for the NOR logic 
gate at 120 Gb/s when using the CR-SOAs, which is physically attributed to the presence 
of the CR layer that causes an ultrafast transition of carriers to the AR when the latter is 

Fig. 3  Comparison of gain response at 120 Gb/s for (a) CR-SOA and (b) conventional SOA

 

1 3

Page 7 of 15  827



A. Kotb et al.

Fig. 5  Signal gain versus wavelength for CR-SOAs and SOAs

 

Fig. 4  Waveforms of input and output signals of CR-SOA1 and CR-SOA2 at 120 Gb/s
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Fig. 6  AO NOR gate simulation results 
at 120 Gb/s. (a) Input signal A, (b) input 
signal B, (c) logic outcome using CR-
SOAs-MZI, and (d) logic outcome using 
SOAs-MZI
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suitably depleted. In fact, the profile of the logic pulses is uniform, while the corresponding 
eye diagram is clear and open, when employing CR-SOAs. In contrast, logic pulses suffer 
from inadmissible intense peak-to-peak fluctuations, and the form of the corresponding eye 
diagram is strongly impaired, when using conventional SOAs.

We further examined the effects of the CW input power and injection bias current on the 
performance of the NOR logic gate at 120 Gb/s using both amplifiers, i.e. CR-SOAs- and 

Fig. 7  AO NOR gate simulated 
eye diagrams at 120 Gb/s. (a) 
Input A, B, (b) output using CR-
SOAs-MZI, and (c) output using 
SOAs-MZI
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SOAs-MZI. As it can be seen in Fig. 8(a), the Q-factor is increased for higher CW power for 
both structures. This happens because the gain recovery time of both schemes is decreased 
with the increase of the CW power (Safari-Anzabi et al. 2021). This reflects positively on 
the quality of the NOR gate, and to a more pronounced extent for the CR-SOA whose gain 
response, as shown above, is additionally faster. Similarly, as shown in Fig. 8(b), the Q-fac-
tor is increased with the injection current for both CR-SOA- and SOA-based NOR gate at 
120 Gb/s. A larger injection current provides more carriers to the AR, thereby allowing for 
faster gain recovery time and resulting in an increase of the Q-factor. From these results, it 
can also be observed that in the presence of the carrier reservoir, the Q-factor is higher even 
at lower CW powers or lower injection currents. For the conventional SOA case, applying 
high energetic pulses depletes strongly carriers, which need a longer time to be replenished 
to their initial level. For the CR-SOA, in turn, the carrier density recovers faster and is again 
available to be perturbed by an optical excitation (modulation signal) owing to the CR layer, 
which offers extra carriers to the depleted AR.

Figure 9 illustrates the Q-factor for the AO NOR gate utilizing both amplifiers, i.e. CR-
SOAs- and SOAs-MZI at 120 Gb/s, versus the equivalent PRBS length (Siarkos et al. 2009). 
The whole PRBS sequence utilized in these systems scales to the power of 2, i.e. 2n-1. 
The equivalent PRBS can suitably stress the operation of the considered logic gate as n 
increases, but the CR-SOAs-based scheme is tolerant and maintains an acceptable Q-factor 
value of 7.4 even at an equivalent PRBS length of 23. With the increase of n, the CR-SOAs-
based NOR operation is further stressed, as the possibility of creating errors becomes higher 
due to the longer strings of ‘0’s and ‘1’s (Siarkos et al. 2009). This explains why the Q-factor 
is decreased as the PRBS order, n, is increased.

For the AO NOR operation employing CR-SOAs-based MZI at 120 Gb/s, the Q-factor 
versus the data and CW wavelengths is shown in Fig. 10. The wavelength range within 
which both signals should lie to ensure an acceptable Q-factor extends from 1510 nm to 
1590 and thus is rather broad. This means that there is enough margin for selecting the 

Fig. 8  Q-factor of logic NOR gate at 120 Gb/s versus (a) CW power and (b) injection current, for CR-
SOAs and conventional SOAs
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spectral position and adjusting the detuning of these signals. This in turn relaxes the require-
ments for the laser sources used to generate them and for the optical filters employed to 
discriminate them, which is attractive from a practical perspective. This fact also ensures 
that all signals will spectrally lie within the specified CR-SOA bandwidth (see Fig. 5), as 
required for proper switching operation and subsequently for achieving the target AO logic 
operation.

In the previous results, the influence of the amplified spontaneous emission (ASE) on 
both amplifiers was neglected. However, since the main contribution of noise in SOAs is 
due to ASE. its effect on the logic performance should not be neglected. Therefore, the ASE 
power, which is given by PASE = NSP (G0 – 1) 2πћυB0 (Kotb 2013a, b; Kotb and Guo 2020a, 
b; Dutta and Wang 2013), is numerically added to the NOR output power given by Eq. (8). 
Then an increase in the ASE level shifts the mean value of ‘0’ bits, thus resulting in an 
inevitable decrease of the Q-factor according to its definition. Still, the CR-SOA is tolerant 
to ASE, since the Q-factor remains acceptable at 6.8 even at an ASE power of 3.5 µW, while 
this is not possible when using the conventional SOA, as shown in Fig. 11(a). Moreover, it 
is useful to estimate at what speed the CR-SOA can operate while maintaining acceptable 
performance. This information is extracted from Fig. 11(b), which illustrates the Q-factor 
versus the operating data rate for both CR-SOAs- and SOAs-based NOR gate. From this 
diagram, it is noticed that the slow dynamic response of the conventional SOA impedes 

Fig. 9  Q-factor of logic NOR gate at 120 Gb/s versus equivalent PRBS length for CR-SOAs and conven-
tional SOAs
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operation at rates above 100 Gb/s, as the Q-factor is strongly degraded, whereas the CR-
SOA can operate up to 180 Gb/s with more than acceptable (= 6.4) Q-factor.

Finally, to validate that the NOR gate based on CR-SOAs-MZI achieves high perfor-
mance, we considered it in relation to other SOA-based schemes and data rates, as shown 

Fig. 11  Q-factor of logic NOR gate versus (a) amplified spontaneous emission (ASE) power and (b) 
operating data rate, for CR-SOAs and conventional SOAs

 

Fig. 10  Q-factor versus data wavelength (blue color) and CW wavelength (red color) using CR-SOAs-
based MZI at 120 Gb/s
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in Table 2. The Table highlights the merit of adopting the proposed CR-SOAs-MZI scheme 
for executing the NOR logic function at 120 Gb/ with a high Q-factor. The operating data 
rates can be further increased based on SOAs’ technology while keeping logic performance 
acceptable by placing QDs in the SOA’s active region (Kotb 2013a, b; Kotb and Guo 2020a, 
b; Dutta and Wang 2013), integrating photonic crystals (PCs) (Kotb and Guo 2020a, b), or 
exploiting the potential of nonlinear effects such as two-photon absorption (TPA) (Kotb 
2015).

3  Conclusion

In this paper, we undertook the task of investigating the feasibility and assessing the per-
formance, of an AO NOR logic gate at 120 Gb/s RZ-OOK data when using CR-SOAs 
in a MZI. By examining the Q-factor dependence on different critical operating factors, 
including ASE, a fair performance comparison was conducted between the CR-SOAs- and 
ordinary SOAs-assisted MZIs NOR gate schemes. The results showed that the NOR logic 
function can be executed correctly and with high quality using CR-SOAs, which is not pos-
sible when resorting to conventional SOAs. The simulations quantified this fact by the high 
Q-factor of 14 achieved in the former case, as opposed to the poor Q-factor of 4.4 in the 
latter case. This suggests that CR-SOAs can play an increasingly important role as nonlin-
ear elements in the design and implementation of ultrafast AO circuits and subsystems of 
enhanced functionality.
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Table 2  Comparison of NOR gate realizations for different SOAs-based schemes and data rates
Scheme Data rate (Gb/s) Q-factor Ref.
SOA 40 8.8 (Sun et al. 2007)

80 15.7 (Kotb et al. 2018)
120 4.4 This work

CR-SOA 120 14 This work
PC-SOA 160 21.1 (Kotb and Guo 2020a, b)
SOA-TPA 250 12 (Kotb 2015)
QD-SOA 160 7 (Dimitriadou and Zoiros 2012)

250 17.3 (Kotb 2013a, b)
1000 40 (Kotb 2013a, b)
2000 4.8 (Kotb and Guo 2020a, b)

QD-SOA-TPA 2000 9.6 (Kotb and Guo 2020a, b)
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