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ABSTRACT
In this paper,we reporteda reflective semiconductoroptical amplifier (RSOA), inwhich the input light
propagates and reflects back to the input port after amplifying twice through its active region. The
RSOA produces higher gain and lower noise figure at low drive currents with energy-efficient than
the conventional SOAs. The RSOA’s features are employedherein to numerically analyze the ultrafast
performance of the all-optical NOT-OR (NOR) and Exclusive-NOR (XNOR) logic gates using a dual-
RSOAs-based scheme at 120 Gb/s. A comparison between RSOAs- and conventional SOAs-based
AO NOR and XNOR gates is made by studying the quality factor (QF) against the critical operational
parameters when the effects of the amplified spontaneous emission and the operating temperature
are included to obtain more realistic results. Compared to conventional SOAs, the RSOAs allow to
achieve more acceptable performance at 120 Gb/s and to render the implementation of the NOR
and XNOR gates more feasible.
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1. Introduction

So far the performance of the all-optical (AO) NOT-
OR (NOR) and Exclusive-NOR (XNOR) logic gates have
been investigated using semiconductor optical ampli-
fiers (SOAs) at different data rates [1–22]. However, the
SOA as a single-pass amplifier has very low reflectivity
coatings on both facets whose gain saturates monotoni-
cally along its length [23]. However, the signal processing
applications do not exceed ∼ 100 Gb/s due to the slow
gain and phase dynamics of the SOAs [24] and hence can-
not upgrade to the sub-Tb/s region and beyond [25,26].
On the other hand, a reflective semiconductor optical
amplifier (RSOA) has a similar waveguide structure to
conventional SOA but with higher optical gain and lower
noise figure at low drive currents with energy-efficient
[24]. RSOA has an anti-reflective (AR) coating on its
front facet, which is used as input and output ports, and
a high-reflectivity (HR) coating on the rear facet. The
schematic of the RSOA is illustrated in Figure 1 [27,28].
Because of the RSOA’s construction, the input light is
amplified and reflected back to the front port, fromwhich
the signal enters the RSOA, after passing twice through
the RSOA’s active region. This feedback process due to
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the forward and backward travelling waves in the RSOA
active region causes a strong gain saturation at low input
power [23]. The RSOAs have been fabricated to oper-
ate at 1550 and 1300 nm wavelengths [24]. Owing to
the RSOAs’ characteristics, RSOAs have the potential for
realizing the Boolean functions with obviating the need
for extra optical fibre components andmultiple optoelec-
tronics optical devices. In this context, It would further
be interested to employ the RSOA to investigate the AO
NOR and XNOR logic gates. Unlike previous thankful
efforts [1–22], this is done at a data rate of 120 Gb/s
using dual-RSOAs-based schemes. For your information,
the logic gates, XOR [27] and NAND [28], were imple-
mented using the RSOA technology at 120 GB/s, but the
gates NOR and XNORwere not implemented. Therefore,
in this research, we complete and extend our previous
work [27,28] by studying these two gates based on the
RSOAs at 120 Gb/s. This is done through examining
the dependence of the gates’ quality factor (QF) on the
critical operational parameters such as rear-facet reflec-
tivity (R), internal loss coefficient, operating data rate,
and pseudorandombinary sequence (PRBS), considering
the effects of the amplified spontaneous emission (ASE)
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Figure 1. Schematic of RSOA.

and the operating temperature for more realistic calcula-
tions. To prove the preference of the RSOA, we put it in
a fair comparison with conventional bulk SOA. The out-
comes confirm that the AO NOR and XNOR logic gates
can be realized using RSOAs at 120 Gb/s with higher QF
than conventional SOAs.

The rest of this article is organized as follows: Section 2
describes the RSOAs numerical analysis. This is followed
byNORandXNORgates in Sections 3 and 4, respectively.
Finally, Section 5 concludes the obtained results.

Numerical analysis

The numerical analysis of RSOAs is a helpful means for
theoretically describing, predicting, and optimizing their
behaviour. The RSOA operation is theoretically analyzed
based on the computationally accurate models men-
tioned inRefs. [29–34], which analytically involve solving
a set of coupled partial nonlinear differential equations,
including the nonlinear effects of interband and intra-
band. The intraband effects of the carrier heating (CH)
and the spectral hole burning (SHB) occur in a time
not exceeding a few picoseconds and have earning con-
tributions in the optical gain that cannot be ignored.
Considering the nonlinear interband effect of the carrier
depletion (CD) and the intraband nonlinear effects of the
CH and the SHB, the time-dependent gain of each RSOA
is described by the following first-order differential equa-
tions [27,28]:

dhCD(t)
dt

= h0 − hCD(t)
τC

− hCD(t)
hCD(t) − αlossL

× (exp[hCD(t) + hCH(t) + hSHB(t)

− αlossL] − 1)

× (1 + R exp [hCD(t) + hCH(t)

+ hSHB(t) − αlossL])
Pin,RSOA(t)

Esat
(1)

dhCH(t)
dt

= − hCH(t)
τCH

− εCH

τCH
(exp[hCD(t) + hCH(t)

+ hSHB(t) − αlossL] − 1)

× (1 + R exp[hCD(t) + hCH(t)

+ hSHB(t) − αlossL])Pin,RSOA(t) (2)

dhSHB(t)
dt

= − hSHB(t)
τSHB

− εSHB

τSHB
( exp[hCD(t) + hCH(t)

+ hSHB(t) − αlossL] − 1)

× (1 + R exp[hCD(t) + hCH(t)

+ hSHB(t) − αlossL])

× Pin,RSOA(t) − dhCD(t)
dt

− dhCH(t)
dt

(3)

where functions ‘h’ represents theRSOA’s gain integrated
over its length due to the dynamic processes of the CD
(hCD), CH (hCH), and SHB (hSHB). G0 = exp[2h0] [16],
where G0 is the unsaturated power gain and the multi-
plicative factor of ‘2’ due to the double pass of the input
signal propagating in the RSOAs active region, while
G0 = exp[h0] is considered for the conventional SOAs
[12,13,24]. R is the rear-facet reflectivity, αloss is the inter-
nal loss coefficient, and L is the length of the RSOA
active region. Esat = Psat τC is the saturation energy,
where Psat is the saturation power and τC is the carrier
lifetime. Pin,RSOA(t) is the time-dependent input pulse
power injected into each RSOA. τCH and τ SHB are the
temperature relaxation rate and carrier-carrier scatter-
ing rate, respectively. εCH and εSHB are the nonlinear
gain suppression factors due toCHand SHB, respectively.
The time-dependent gain equations for the conventional
SOAs are presented in [24].

The total gain of each RSOA is then given by [27,28]:

GRSOA(t) = R exp [2 (hCD (t) + hCH(t)

+ hSHB(t) − αlossL)] (4)

While the phase change incurred on the signal propa-
gating through each RSOA is given by [27,28]:

�RSOA(t) = − (α hCD(t) + αCH hCH(t)

+ αSHB hSHB(t)) (5)

where α is the traditional linewidth enhancement factor
known as α-factor, αCH is the linewidth enhancement
factor due to CH, and αSHB is the linewidth enhancement
factor due to SHB. The contribution value of αSHB should
be zero because the SHB intraband dynamic process pro-
duces a nearly symmetrical spectral hole centred at the
input signal wavelength [22,27,35].

In this study, the input optical pulses are assumed to
be Gaussian-shaped whose power profile is described by
[24,36]:

PA,B,Clk(t) ≡ Pin,RSOA(t) =
N∑

n=1
an(A,B,Clk)

2
√
ln[2]E0√

πτFWHM

× exp
[
−4 ln[2](t − nT)2

τ 2FWHM

]
(6)
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where an(A,B,Clk) is the nth pulse, where an(A,B) = ‘1’ or ‘0’
for the data streams A & B and anClk = ‘1’ for the clock
(Clk) signal inside a N = 2n-1 [24] bit-long pseudoran-
dom binary sequence (PRBS), where n is the equivalent
PRBS length, which is assumed to equal 7 in this anal-
ysis [6,22,27,37]. E0 is the pulse energy, τFWHM is the
full-width at half maximum (FWHM) pulse width, and
T is the bit period, which is the inverse of the data rep-
etition rate measured in Gb/s (i.e. T = 1000/data rate).
The format modulation of the input pulses used herein is
a return-to-zero, which is widely used in optical systems
owing to its attractive features [38–40].

To evaluate the performance quality of the considered
Boolean functions, the QFmetric is examined. This met-
ric is defined as QF = (P1 - P0)/(σ 1 + σ 0) [24,36], where
P1,0 are the mean peak powers of the ‘1’ and ‘0’ out-
puts and σ 1,0 are the corresponding standard deviations.
The QF is a very sensitive metric used to provide the
information of the optical signal to noise ratio in digital
transmission. For acceptable performance, the QF value
must be over six to ensure that keep the bit-error-rate
(BER) at theminimum level < 10−9 [24,27,28]. The BER
is related to theQF in terms of BER = (2π)−0.5 exp[−0.5
QF2]/QF [41,42]. The time-depended equations are pre-
pared and run using the Adams numerical method Wol-
fram Mathematica®. For fair performance comparison,
the same parameter values listed in Table 1 are used for
both devices, except R = 0 and G0 = exp[h0] for the
conventional SOAs, while R = 1 and G0 = exp[2h0] for
the RSOA.

NOR logic gate at 120 Gb/s

The NOR logic gate is a logically inverted OR gate
that gives ‘1’ output only when both inputs are ‘0’. The
schematic diagram and the corresponding truth table of
the NOR logic gate using a dual-RSOAs-based scheme
are illustrated in Figure 2.

AO NOR logic operation is based on cross-phase
modulation (XPM) of two input signals in the (R)SOAs.
To realize NOR operation, data streams A and B as pump
signals are combined via a wavelength selective coupler
(WSC) and launched into RSOA1 at port 1, while a clock
(Clk) signal is inserted into RSOA2 from port 3. In par-
allel, a continuous wave (CW) beam as a probe is divided
halves by a 3 dB optical coupler (OC) and injected into
both RSOA1 and RSOA2 through the middle arm at port
2. Two WSCs are used in the forward direction to com-
bine the CW beams with data streams and Clk signal
travelling through RSOA1 and RSOA2, respectively, and
split the outcomes from RSOAs to extract the CW beams
that carry the NOR logical result. The data streams, A
and B, and the Clk signal modulate the RSOAs’ gain and

Table 1. Default numerical parameters.

Symbol Definition Value Unit Ref.

E0 Pulse energy 0.2 pJ [43]
τ FWHM Pulse width 1 ps [13]
T Bit period 8.33 ps [27]
N PRBS length 127 – [22,27,37]
λA Wavelength of signal A (NOR

gate)
1549.2 nm [6]

λB Wavelength of signal B (NOR
gate)

1535 nm [6]

λClk Wavelength of Clk signal (NOR
gate)

1555 nm [6]

λCW Wavelength of CW beam (NOR
gate)

1550 nm [6]

PA Power of signal A (NOR gate) 2 mW [6]
PB Power of signal B (NOR gate) 2 mW [6]
PClk Power of Clk signal (NOR gate) 2 mW [6]
PCW Power of CW beam (NOR gate) 1 mW [6]
λA Wavelength of signal A (XNOR

gate)
1545 nm [44]

λB Wavelength of signal B (XNOR
gate)

1550 nm [44]

λClk Wavelength of Clk signal
(XNOR gate)

1553.8 nm [15]

λCW Wavelength of CW beam
(XNOR gate)

1545 nm [15]

PA Power of signal A (XNOR gate) 1 mW [45]
PB Power of signal B (XNOR gate) 1 mW [45]
PClk Power of Clk signal (XNOR gate) 2 mW [15]
PCW Power of CW beam (XNOR

gate)
2 mW [45]

Psat Saturation power 10 mW [22]
I Injection current 100 mA [13,27]
R RSOA rear-facet reflectivity 1 – [27]
L Length of active region 0.4 mm [9,27,46]
d Thickness of active region 0.3 μm [9,27]
αloss Internal loss coefficient 10 mm−1 [27]
α α-factor 6 – [13]
αCH Linewidth enhancement factor

due to CH
1 – [13,27]

αSHB Linewidth enhancement factor
due to SHB

0 – [22,27,35]

τ C Carrier lifetime 100 ps [13,27]
τ CH Temperature relaxation rate 0.3 ps [24,13,27]
τ SHB Carrier-carrier scattering rate 0.1 ps [24,13,27]
εCH Nonlinear gain suppression

factor due to CH
0.02 W−1 [13,22,27]

εSHB Nonlinear gain suppression
factor due to SHB

0.02 W−1 [13,22,27]


 Optical confinement factor 0.15 – [13,27]
G0 Unsaturated power gain 30 – [13,22,22]
B0 Optical bandwidth 2 nm [13,27]
υ Optical frequency 1550 nm [24]
NSP Spontaneous emission factor 2 – [8,13,27]
TOP Operating temperature 20 oC [13,24,27]

thereby the phase of the CW beam. The peak intensity of
the pump signals and Clk signal are adjusted to be identi-
cal to give the same gain and phase modulation depth in
each RSOA. The input optical signals propagate from the
front facet through the active region and then reflected
back by the HR rear facet to realize the output NOR
gate at the output port of the optical circulator. When
the combination of the high power signals A and B (10,
01, or 11) is launched into RSOA1 and a Clk signal (all
1’s) is launched into RSOA2, both RSOAs get saturated,
therefore, the modulated phases of the CW probe beam
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Figure 2. Schematic diagram and corresponding truth table of
NOR gate using dual-RSOAs-based scheme. OC: 3 dB optical cou-
pler. WSC: wavelength selective coupler.

travelling through RSOA1 and RSOA2 will be equal,
which results in a logical ‘0’ at the circulator output port
due to destructive interference. When the combination
of the low power signals A and B (00) is inserted into
RSOA1, the Clk signal launched into RSOA2 will break
the phase balance in both RSOAs, and hence ‘1’ logic out-
put is obtained at the circulator output port due to con-
structive interference. In this manner, the AO logic NOR
gate is functionally realized between the binary signals
A and B. The experimental setup for the NOR operation
using SOA-based Mach–Zehnder interferometer (MZI)
is presented in Ref. [6].

For the NOR operation, the total input powers inside
the dual-RSOAs-based scheme are described by [12,24]:

Pin,RSOA1(t) = PA(t) + PB(t) + 0.5PCW (7)

Pin,RSOA2(t) = PClk(t) + 0.5PCW (8)

where the coefficient ‘0.5’ refers to the coupling of the
halving of the CW light via a 3 dB OC.

The NOR output power of the dual-RSOA-based
scheme with the effect of the ASE (PASE) is then given
by [9,12,24]:

Pout,NOR(t) = 0.25PCW(GRSOA1(t) + GRSOA2(t)

− 2
√
GRSOA1(t)GRSOA2(t)

cos[�RSOA1(t) − �RSOA2(t)]) + PASE (9)

where GRSOA1,2(t) and �RSOA1,2(t) are, respectively, the
total gains and phase shifts experienced by the CWprobe
beam inside RSOA1 and RSOA2.

Themain source of the noise in the (R)SOA is the ASE
effect [24]. The spontaneous emission is generated dur-
ing the amplification process and amplified during the

active region. The optical amplifiers degrade the signal-
to-noise ratio (SNR) of the amplified signal due to ampli-
fied spontaneous emission (ASE), which adds noise to
the output signal. The ASE effect of the whole system
is large even if each (R)SOA generates small ASE power
because the ASEs are accumulated. The SNR is linked
to the noise figure (NF) by NF = (SNR)in/(SNR)out = 2
NSP (G-1)/G, where NSP is the spontaneous emission of
the inversion factor [24]. In order to calculate the input
and the output SNR, the spontaneous emission must be
added [24]. TheASE power in the optical bandwidth (B0)
at a central frequency (υ) is given by [24]:

PASE = NSP(G0 − 1)2π�υB0 (10)

Using this equation, the noise effect on the gates’ qual-
ity performance is numerically added to the equations
of the gates’ output powers numbered (11) for the NOR
gate and (17) for the XNOR gate. There are many numer-
ical models for calculating the noise value inside the
amplifier. The model based on the spontaneous emission
coupling factor is commonly used to calculate the ASE.
The different shapes of theASE spectrumat the two facets
when the SOA is saturated [47]. A more direct numerical
model to calculate the ASE is described in detail by Con-
nelly [48]. The impact of the ASE can be experimentally
measured by adding a few nm wide optical unmodulated
signal to the input signals and thenmeasuring the output
QF as a function of the signal intensity and bandwidth.

Figures 3 and 4 show the numerical results of the NOR
outcome and the corresponding eye diagram at 120 Gb/s
using the dual-RSOAs-based scheme and SOAs-based
MZI, respectively. The eye diagram is open and there are
no pattern effects when using only RSOAs, as shown in
Figure 3. Owing to the use of the RSOAs, the achieved
QF is 17.5 compared to 4.7 when using the conventional
bulk SOAs-based MZI at a data rate of 120 Gb/s.

Figure 5 shows the QF versus the rear-facet reflec-
tivity (R) and the internal loss coefficient (αloss) for the
RSOA at 120 Gb/s for different bias currents, i.e. 50 and
100mA. It can be seen from Figure 5(a) that the QF is
rather increased with both R and I. This happens because
the propagating input signal through the RSOA active
region is amplified and reflected back by the RSOA rear
facet to reach theRSOA front facet aftermaking a double-
pass to produce twice as much gain as in usual SOA.
The RSOA feature can be used to obviate the need for
extra optical fibre components and multiple optoelec-
tronics optical devices. A different trend is observed in
Figure 5(b) where the QF against αloss. Although the QF
is decreased as αloss becomes more powerful, neverthe-
less this impact can be mitigated by raising the value of
I at the expense of increased power consumption. Thus,
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Figure 3. NOR numerical results at 120 Gb/s using dual-RSOAs-based scheme with 17.5 QF.

Figure 4. NOR numerical results at 120 Gb/s using conventional SOAs-based MZI with 4.7 QF.

100mA injection current should be supplied to RSOAs
to compensate αloss of 10mm−1 and achieve 17.5 QF.

It’s recently well known that the SOAs have slow gain
and phase recovery times, which limit their applications
in higher data rates signal processing that does not exceed

∼ 100 Gb/s. Although Figure 6(a) shows that the QF
drops as the data rates become higher for both devices, its
value (∼ 7.37) remains acceptable, even up to 360 Gb/s
when using RSOAs, while this is impossible when using
conventional SOAs. Despite the operation of the NOR
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Figure 5. NOR QF versus RSOA (a) rear-facet reflectivity (R) and (b) internal loss coefficient (αloss) at 120 Gb/s.

Figure 6. NOR QF versus (a) operating data rate and (b) equivalent PRBS length using dual-RSOAs-based scheme and conventional
SOAs-based MZI at 120 Gb/s.

Boolean function is affected by higher equivalent PRBS
lengths carried by each data as shown in Figure 6(b), the
RSOAs scheme is tolerant to this effect and retains its
acceptable QF value of ∼ 7.52 at 31 equivalent PRBS
length. These results confirm that the RSOAs scheme is
potentially suitable for higher data rates and higher PRBS
generations with better performance than conventional
SOAs.

During the previous results, we considered the effects
of the ASE noise and temperature to be fixed by con-
sidering that the two amplifiers are ideal (i.e. NSP = 2)
and operate at room temperature (i.e. TOP = 290K).
However, their influence may affect the gates’ perfor-
mance. Thus, the effects of the ASE noise and TOP on
the QF for both schemes at different injection currents
are depicted in Figure 7(a) and (b), respectively. The QF
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Figure 7. NORQF versus (a) amplified spontaneous emission power (PASE) and (b) operating temperature (TOP) using dual-RSOAs-based
scheme and conventional SOAs-based MZI at 120 Gb/s for I = 100 and 200mA.

is decreased with increase PASE for both amplifiers as
shown in Figure 7(a) but its value remains acceptable
whenusingRSOAs even at higher PASE values at the given
currents. This happens because the RSOAs are operated
at deep saturation where their gain dynamics are not crit-
ically affected by the ASE noise [49]. Similar behaviour
is observed in Figure 7(b) where the QF is decreased as
TOP becomes higher for I = 200mA and 100mA. The
effect of the operating temperature is considered in the
numerical method using quasi-Fermi distribution equa-
tions presented in detail in chapter 4 of Connelly’s book
[50]. This is happened due to several reasons a) the elec-
trons are distributed over a wider energy range at high
TOP and hence the number of electrons available for par-
ticipating in the amplifier optical gain becomes fewer. b)
The nonradiative recombination, which causes a reduc-
tion in QF, increases with TOP. Moreover, the RSOA is
packaged in a TO-can type, which is simple and impor-
tant for the uncooled operation [24]. Thus, the QF using
RSOA is still an acceptable value even at higher TOP,
while SOA must be operated at a low temperature for
better performance [51]. Figure 7(a) indicates that the
higher currents ≥ 200mA must be employed to avoid
the QF degradation generated by high TOP especially in
the RSOA case.

XNOR logic gate at 120 Gb/s

The XNOR logic gate is a logically inverted XOR gate that
gives ‘1’ output when only all inputs are ‘1’ or ‘0’. The

schematic diagram and the corresponding truth table
of the dual-RSOAs-based XNOR gate are illustrated in
Figure 8.

The XOR gate is realized herein by a series combina-
tion of the XOR and INVERT operations [24]. Two steps
are required to perform the XNOR gate, i.e. XOR oper-
ation as the first step and then the INVERT operation.
For the XOR operation, two data signals A and B are sep-
arately inserted into RSOA1 and RSOA2 at port 1 and
port 3 via WSCs, respectively, while a CW probe beam
is split via 3 dB OC and then coupled into both RSOA1
andRSOA2 from themiddle at port 2. The data streamsA
and Bmodulate the RSOAs’ gain and thereby the phase of
the CWprobe beam via XPM, which provides better per-
formance and higher power efficiency than a cross-gain
modulation [52]. More specifically, when A = B = ‘0’,
the CWbeammaking a double-pass through RSOA1 and
2 does not acquire any phase shift, resulting in ‘0’ logic
output.However, whenA = B = ‘1’, theCWbeamexpe-
riences the same phase shift inside both RSOA1 and 2,
so they interfere destructively and result in ‘0’ logic out-
put. While A = ‘1’ and B = ‘0’, the CW beam travelling
with signal A inside RSOA1 suffers through XPM a phase
shift versus its copy propagating inside RSOA2, thus the
CW beam interferes constructively, which results in ‘1’
output. The same outcome was obtained when A = ‘0’
and B = ‘1’. In this manner, the XOR gate is executed
between binary signals A and B at the circulator output.
The XOR operation has been experimentally demon-
strated using SOAs-MZI as in [44]. Then to realize the
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Figure 8. Schematic diagramand corresponding truth table of dual-RSOAs-based XNORgate. OC: 3 dB optical coupler.WSC:wavelength
selective coupler.

INVERT operation, the XOR output is launched via a
WSC into RSOA3 at port 4, while a Clk signal is launched
intoRSOA4 at port 6 and aCW is a parallel sent fromport
5 as shown in Figure 8. In this manner, the AO XNOR
output gate is achieved between binary contents of input
data streams A and B.

The input powers inside RSOA1 and RSOA2 for the
XOR operation using the dual-RSOAs-based scheme are
described by [13,45]:

Pin,RSOA1(t) = PA(t) + 0.5PCW (11)

Pin,RSOA2(t) = PB(t) + 0.5PCW (12)

The XOR output power of the proposed scheme with
the ASE effect is given by the following basic interfero-
metric equation [24,45]:

Pout,XOR(t) = 0.25PCW(GRSOA1(t) + GRSOA2(t)

− 2
√
GRSOA1(t)GRSOA2(t)

cos [�RSOA1(t) − �RSOA2(t)]) + PASE
(13)

While the total input powers inside RSOA3 and RSOA4
for the INVERT operation are described by [20,22]:

Pin,RSOA3(t) = Pout,XOR(t) + 0.5PCW (14)

Pin,RSOA4(t) = PClk(t) + 0.5PCW (15)

Then, the XNOR output power with the ASE effect is
given by [20,36]:

Pout,XNOR(t) = 0.25PCW(GRSOA3(t) + GRSOA4(t)

− 2
√
GRSOA3(t)GRSOA4(t)

cos[�RSOA3(t) − �RSOA4(t)]) + PASE
(16)

Figures 9 and 10 show the numerical results for the
XNOR logic function at 120 Gb/s using the dual-RSOAs-
based scheme and SOAs-based MZIs, respectively. It can
be seen from Figure 10 that there are no pattern effects
and the eye diagram is clear with 19.3 QF when using a
dual-RSOAs-based scheme, while the QF of SOAs-MZIs
is an unacceptable value of 5.4.

The following results obtained for theXNORgate have
been numerically calculated in the sameway as described
for the NOR logic gate.

Figure 11 shows the XNOR QF as a function of the
rear-facet reflectivity (R) and the internal loss coefficient
(αloss) of the RSOA at 120 Gb/s for I = 50 and 100mA.

The dependence of the XNOR QF on the operating
data rate and the equivalent PRBS length using both
schemes at 120 Gb/s is shown in Figure 12. This figure
confirms that the XNOR can be implemented using
RSOAs with higher QF than SOAs even at higher data
rates and longer PRBS.

The QF dependence on the ASE power (PASE) and
operating temperature (TOP) for the XNOR operation at
120 Gb/s using both schemes has been calculated for dif-
ferent injection currents, as shown in Figure 13(a) and
(b), respectively. The ASE effect on the XNOR perfor-
mance is due to the contribution both from the XOR
and INVERT operations. The ASE power is numerically
added to the XNOR output power given by equation
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Figure 9. XNOR numerical results at 120 Gb/s using dual-RSOAs-based scheme with 19.3 QF.

Figure 10. XNOR numerical results at 120 Gb/s using conventional SOAs-based MZIs with 5.4 QF.

(16) using equation (10) in the same way as described
in the NOR operation. The QF using RSOAs remains
acceptable, even at higher ASE power, while this does
not happen when using SOAs, as shown in Figure 13(a).
On the other hand, higher currents can be used to avoid
degradation in the QF due to higher TOP as shown in
Figure 13(b). From these results, we believe that the

RSOAs can operate with more acceptable performance at
higher noise and higher temperatures.

2. Conclusions

In this study, the ultrafast performance of all-optical
(AO) NOR and XNOR gates using dual-reflective
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Figure 11. XNOR QF versus RSOA (a) rear-facet reflectivity (R) and (b) internal loss coefficient (αloss) at 120 Gb/s.

Figure 12. XNOR QF versus (a) operating data rate and (b) equivalent PRBS length using dual-RSOAs-based scheme and conventional
SOAs-based MZIs at 120 Gb/s.

semiconductor optical amplifiers (RSOAs)-based scheme
has been successfully numerical investigated at a data
rate of 120 Gb/s. A fair comparison between RSOAs
and conventional bulk SOAs was made by examining
the dependence of the quality factor (QF) on the key
operational parameters such as rear-facet reflectivity (R),
internal loss coefficient, operating data rate, and pseu-
dorandom binary sequence (PRBS), including the effects

of the amplified spontaneous emission and the operat-
ing temperature for more realistic calculations. Over-
all, the outcomes confirm that the considered Boolean
functions, NOR and XNOR, can be executed using
RSOAs at 120 Gb/s with higher QF than if SOAs were
used instead. We believe that the proposed scheme
will play a main role in constriction high-speed logic
circuits.
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Figure 13. XNOR QF versus (a) amplified spontaneous emission power (PASE) and (b) operating temperature (TOP) using dual-RSOAs-
based scheme and conventional SOAs-based MZIs at 120 Gb/s for I = 100 and 200mA.
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