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H I G H L I G H T S

• All-optical AND and OR operations are analyzed at 160 Gb/s using PCSOA.

• Impact of critical operating parameters on QF is examined and assessed.• All-optical operations using PCSOAs are more efficient than when using conventional SOAs.
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A B S T R A C T

The light confined and controlled by photonic crystals (PCs) can be exploited to enhance the performance and
reduce the size of semiconductor optical amplifiers (SOAs) in which they are embedded. By incorporating
PCSOAs in a Mach-Zehnder interferometer, or using a PCSOA followed by a delayed interferometer, Boolean
AND and OR gates are formed, respectively, whose performance when executed all-optically (AO) is thoroughly
analyzed at 160 Gb/s. For this purpose, the variation of the quality factor against the critical data signal and
PCSOA operating factors is examined and assessed when the effects of amplified spontaneous emission and
working temperature are included to make the simulation more realistic. The results obtained from the con-
ducted theoretical study suggest that leveraging the PCSOAs benefits of low absorption loss, suppressed un-
desirable nonlinear effects, low power consumption, and high power transmission favors realizing the con-
sidered AO gates at the target data rate. Compared to conventional SOAs, PCSOAs advanced technology allows
to obtain better logic performance, as quantified by the achieved higher metrics values, and to render the
practical implementation of the AO gates more feasible, since the requirements for the PCSOAs structural
parameters and driving conditions become more relaxed.

1. Introduction

Photonic crystals (PCs) are periodic dielectric structures that have a
photonic band gap to confine and control the propagation of a range of
light frequencies. This characteristic renders them appropriate for being
exploited in the design of very small size optical modules. Additionally,
PCs exhibit low absorption loss, suppressed undesirable nonlinear ef-
fects, low power consumption, and high power transmission over other
nonlinear structures. These features make them attractive candidates
for all-optical logic gates (AOLGs) purposes, which however is a

possibility that has not widely been explored in the literature. On the
other hand, conventional semiconductor optical amplifiers (SOAs) have
extensively been used as nonlinear elements in AOLGs owing to their
strong nonlinearity, compactness, power efficiency, and integration
potential with other optoelectronic devices. However, employing SOAs
at high operation speeds (> 100 Gb/s) is inherently difficult due to
their finite gain recovery time [1–7]. Quantum dot (QD) SOAs, on the
other hand, are capable of bypassing conventional SOAs slow gain
dynamics [8–15], but their broad adoption and implementation in real
applications still remain challenging due to practical issues. Thus, in
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this paper, we propose to combine the advantages of PCs with those of
SOAs to boost further the performance of AOLGs at high data rates. This
is done at 160 Gb/s for PCSOA-based all-optical AND and OR gates,

which are fundamental Boolean logic operations but so far have not
been included in the suite of those operations that have theoretically
been demonstrated using PCSOAs technology [16–18]. In this manner
we continue, extend, and generalize our previous relevant research
work on PCSOAs-based all-optical NOR and NAND gates [17,18]. The
variation of the quality factor (QF) against the pulse energy and width,
data rate, equivalent pseudorandom binary sequence (PRBS) length,
group index, radiation loss, active region length and thickness, injection
current, carrier lifetime, confinement factor, traditional linewidth en-
hancement factor, time delay for AND, and DI delay for OR, is examined
and assessed, including the effect of amplified spontaneous emission
(ASE) and operating temperature so as to obtain realistic results. For
comparison, the impact of these parameters has been evaluated for both
PCSOAs and conventional SOAs schemes at 160 Gb/s.

The rest of this paper is organized as follows: In Section 2, the
PCSOA modeling is presented. In Section 3, the operation principle and
simulation results of the AND gate are described. In Section 4, the op-
eration principle and simulation results of the OR gate are given. Fi-
nally, the concluding remarks are given in Section 5.

2. PCSOA modeling

Fig. 1 shows the schematic diagram of the PCSOA structure. In this
structure, the cladding layers are made of InP with a refractive index of
3.17, while the active (core) layer is made of GaInAsP with a refractive
index of 3.45 [19]. The PCs are formed by the air holes passing verti-
cally through the SOA structure. The PC has a radius of 0.158 μm, a
depth of 2.3 μm, a lattice constant of 0.480 μm, and a vertical spacing
between rows adjusted to 0.42 μm [18,20]. The PC waveguide works
near the wavelength of 1.55 μm.

In this modeling, the input data signals A and B are assumed to be
Gaussian-shaped whose power profiles are described by the following
equation [21,22]:
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where αnA,B is ‘0′ or ‘1′ inside a N bit-long pseudorandom binary se-
quence (PRBS) of pulses having energy E0, full-width at half maximum
(FWHM) pulse width τFWHM, and bit period T. The format of the input
pulses used is return-to-zero (RZ), which is widely used in optical
communications systems due to its attractive features of better toler-
ance to fiber nonlinearities and improved receiver sensitivity [23].
These pulses occupy only a fraction of the repetition interval to help
avoid interference between adjacent allocated bit slots [24], and their
generation while being as fast and short as in the study is technologi-
cally feasible with state-of-art lightwave sources [25].

The interband, which includes carrier depletion (CD), and intra-
band, which includes carrier heating (CH) and spectral hole burning
(SHB), nonlinear effects are taken into account in this model. In par-
ticular, the CH process occurs on a time range between 0.1 and 0.7 ps
due to carriers’ thermalization in the entire energy band following the

Fig. 1. Schematic diagram of PCSOA structure.

Table 1
Parameters default values used in numerical calculations.

Symbol Definition Value Unit Ref.
E0 Pulse energy 30 fJ [18]
τFWHM Pulse width 1 ps [17,18]
T Bit period 6.25 ps [29,17,18]
N PRBS length 127 – [30,31]
λA Wavelength of data A (AND

operation)
1580.4 nm [32]

λdelayed A Wavelength of delayed A (AND
operation)

1580.4 nm [32]

λB Wavelength of data B (AND
operation)

1539.8 nm [32]

PA Power of data A (AND operation) 0.4 mW [32]
Pdelayed A Power of delayed A (AND

operation)
0.4 mW [32]

PB Power of data B (AND operation) 0.001 mW [32]
Δτ Time delay (AND operation) 0.5 ps –
λA Wavelength of data A (OR

operation)
1581 nm [33,34]

λB Wavelength of data B (OR
operation)

1581 nm [33,34]

λCW Wavelength of CW (OR operation) 1540 nm [33,34]
PA Power of data A (OR operation) 1 mW [33,34]
PB Power of delayed A (OR operation) 1 mW [33,34]
PCW Power of data B (OR operation) 2 mW [33,34]
ΔτDI DI delay (OR operation) 0.2 ps –
ΔΦ DI phase bias (OR operation) π rad –
I Injection current 10 mA [35,36]
Psat Saturation power 25 mW [18]
τc Carrier lifetime 20 ps [18]
α Traditional linewidth enhancement

factor
4 – [35]

αCH Linewidth enhancement factor due
to CH

1 – [31]

αSHB Linewidth enhancement factor due
to SHB

0 – [21,22]

εCH Nonlinear gain suppression factor
due to CH

0.02 W−1 [21,22]

εSHB Nonlinear gain suppression factor
due to SHB

0.02 W−1 [30,31]

τCH Temperature relaxation rate 0.3 ps [30,31]
τSHB Carrier-carrier scattering rate 0.1 ps [30,31]
Γ Confinement factor 0.15 – [30,31]
ɑ Differential gain 2×10−16 cm−3 [17]
L Length of PCSOA active layer 10 μm [21]
d Thickness of PCSOA active layer 0.3 μm [17,18]
G0 Unsaturated power gain 30 dB –
R Radiation loss 1500 cm−1 [17,18]
ng Group index 100 – [17,18]
B0 Optical bandwidth 3 nm [17,18]
υ Optical frequency 1550 nm [17,29]
NSP Spontaneous emission factor 2 – [30,17,18]
Top Operating temperature 290 K [37]

Fig. 2. Schematic diagram and truth table of AND gate using PCSOAs-MZI. OC:
3 dB optical coupler. WSC: wavelength selective coupler.
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pulse, while the SHB results when the pulse energy burns a hole in the
gain spectrum. The time-dependent gain of each PCSOA is described by
the following differential equations [17,18]:
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where functions hCD, hPC, hCH, and hSHB represent the gain of the
PCSOA integrated over its length due to CD, PC, CH, and SHB, re-
spectively. h0= ln[G0], where G0 is the unsaturated power gain. R is
the radiation loss and vg is the light group velocity, i.e., vg= c/ng,
where c is the light speed in vacuum and ng is the group index. Realistic
values of these parameters are R= 30 cm−1 and ng=3 for a standard
SOA, while R=1500 cm−1 and ng=100 for a PCSOA [17,18,26]. Esat
is the saturation energy, which is related to the saturation power (Psat)
through Esat = Psat τc, where τc is the carrier lifetime. τCH and τSHB are
the temperature relaxation rate and carrier-carrier scattering rate, re-
spectively. εCH and εSHB are the nonlinear gain suppression factors due
to CH and SHB, respectively. The total optical gain of each PCSOA is

Fig. 3. AND simulation results using PCSOAs-MZI at 160 Gb/s. (a) Input data A, (b) input data B, (c) AND gate, and (d) corresponding eye diagram with QF of 35.87
and CR of 44.7.

Fig. 4. AND simulation results using SOAs-MZI at 160 Gb/s. (a) Input data A, (b) input data B, (c) AND gate, and (d) corresponding eye diagram with QF of 5.45 and
CR of 2.2.
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formulated as [17,27]:

= + +G t exp h t h t h t( ) [ ( ) ( ) ( )]PCSOA CD CH SHB1,2 (6)

The induced phase change inside each PCSOA is given by [18,21]:

= + +t h t( ) 0.5 ( ( ) h (t) h (t))PCSOA CD CH CH SHB SHB1,2 (7)

where α is the traditional linewidth enhancement factor (α-factor), αCH
is the linewidth enhancement factor due to CH, and αSHB is the line-
width enhancement factor due to SHB. In this study, αSHB is null be-
cause the SHB produces a nearly asymmetrical spectral hole centered at
the signal wavelength [21,22]. The computational codes have been

prepared and run in Mathematica®. The performance of the considered
AOLGs has been evaluated through the QF, which is defined as
QF= (P1−P0)/(σ1+ σ0) [17,18], where P1,0 are the mean peak
powers of the output logical ‘1′s and ‘0′s and σ1,0 are the corresponding
standard deviations. For acceptable performance, the QF must be over
six so that the related bit error rate is smaller than 10−9 [21]. The QF is
complemented by values of the contrast ratio (CR), which is defined as
[28] CR=P1/P0. The higher this auxiliary metric the better the degree
of switching achieved at the MZI output. The operating parameters of
the input signal and PCSOA used in this study to realize the AND and
OR operations have been cited in Table 1.

3. AND gate at 160 Gb/s

Fig. 2 shows the schematic diagram and truth table of the AND gate
using PCSOAs-based MZI.

To realize AND operation, data signal A and its delayed version at
the wavelength (λA) are injected into the PCSOAs-MZI upper and lower
arms, respectively. Data signal B at a different wavelength (λB) is in-
jected into PCSOAs-MZI middle arm and is split by a 3 dB optical
coupler (OC) into two parts of equal (halved) intensity and relative
phase difference 0.5π. Using wavelength selective couplers (WSCs), one
part at λB is combined with direct data signal A at λA, while the other
part, also at λB, is combined with delayed data signal A at λA to enter
PCSOA1 and PCSOA2, respectively, as aggregate signals at λA+ λ B,
which should lie within the PCSOAs gain bandwidth. Data signal A and
its delayed copy incur a phase gate for data B [35]. When A= ‘0′, this
phase gate does not exist for B = ‘1′ or ‘0′ and the output is ‘0′. When
both A=B= ‘1′, the phase gate allows the first OC-split components of
data B= ‘1′ to interfere constructively, i.e. by integer multiples of 2π,
at a second OC identical to the first, which recombines the signal
constituents coming from its two input ports with 50% power coupling
ratio and phase shift of 0.5π for signals that pass through its passive
configuration in cross input-output direction [38]. Thus the binary
outcome produced in this case is ‘1′. This means that the PCSOAs-MZI
output is ‘1′ only when A=B= ‘1′, which is functionally the AND
operation whose result is obtained at λB after filtering (not shown in
Fig. 2). It must be noted that the AO AND logic scheme used in this
paper differs from [18] in that PCSOA2 is excited by the delayed ver-
sion of data signal A, whilst in [18] the corresponding active element is
driven by a continuous wave auxiliary signal to balance the gain and
subsequently phase mismatch between the two MZI arms when the
binary content of A is null. This essentially means that the AND gate
implementation applied in the present paper exhibits less complexity,
power consumption and cost, overall better practicality, and feasibility
than that in [18].

The input pulses powers inserted in the PCSOAs-MZI for the AND
operation are described as [27,39]:

= +P t P t P t( ) ( ) 0.5 ( )in PCSOA A B, 1 (8)

= +P t P t P t( ) 0.5 ( ) ( )in PCSOA B A, 2 (9)

where the coefficient ‘0.5′ refers to the halving of data B via 3 dB OC. Δτ
is the time delay of a delayed signal A.

The time-dependent AND output power at port 4 of the PCSOAs-MZI
is given by [18,21,22,40]:

= +

P t( )

0.25P (t) (G (t) G (t) 2 G (t) G (t)

cos [ (t) (t)])

AND,MZI
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Figs. 3 and 4 show the pulses profile and corresponding eye diagrams
for the AND operation at 160 Gb/s using PCSOAs- and conventional
SOAs-based MZI, respectively. The achieved QF values are 35.87 and
5.45 using PCSOAs- and SOAs-based MZI, respectively. The corre-
sponding CR values are 44.7 and 2.2. These figures show that the AND

Fig. 5. QF vs. (a) pulse energy and (b) pulse width for AND operation using
PCSOAs- and SOAs-based MZI at 160 Gb/s.

Fig. 6. QF vs. (a) data rate and (b) equivalent PRBS length for AND operation
using PCSOAs- and SOAs-based MZI at 160 Gb/s.

Fig. 7. QF vs. PCSOA (a) group index and (b) radiation loss for AND operation
at 160 Gb/s.
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operation can be executed at 160 Gb/s using PCSOAs with no pulse
amplitude fluctuations due to pattern effects, with clear and distortion-
less eye diagram and with a much higher QF than when using con-
ventional SOAs for the same purpose.

Figs. 5 and 6 show the QF versus the pulse energy, pulse width, data
rate, and equivalent PRBS length. For comparison, these results have
been obtained for PCSOAs- and conventional SOAs-based schemes at
160 Gb/s. Fig. 5 confirms that more energetic pulses cause a (PC)SOA
saturation that degrades the output QF. Still, the QF obtained using
PCSOAs is more tolerant to the variations of this parameter than when

using conventional SOAs. On the other hand, the QF drops with the
increase of the operating data rate, as shown in Fig. 6(a), but its value is
still acceptable when using PCSOAs even up to 360 Gb/s, while this is
possible for less than a half data rate, i.e. ∼160 Gb/s, when using SOAs.
A similar qualitative trend is observed in Fig. 6(b) for the QF versus the
equivalent PRBS length [30,31], which implies that the PCSOA-based
AOLGs can support operation for longer PRBS than conventional SOA-
based.

Fig. 7 shows the dependence of the QF on the PCSOAs group index
and radiation loss for the AND at 160 Gb/s. A large group index en-
hances the light-matter interaction and therefore increases the output
QF, as shown in Fig. 7(a). The radiation loss increases with the thick-
ness of PCSOA layers and with decreasing the depth of PC holes. Thus,
the PC holes depth should be formed with sufficient depth, which is
2.3 μm in our case. Fig. 7(b) shows that the QF increases with radiation
loss. This result indicates that these losses are sufficiently compensated
in PCSOAs due to their larger gain achieved at much lower injection
currents than conventional SOAs [18,26].

Fig. 8 shows the QF as a function of the length and thickness of the
PCSOA active region for the AND operation at 160 Gb/s. This figure has
been obtained after making numerical adjustments with the PCSOA
injection currents, i.e., I= 10, 20, and 30mA. The materials and
structure used in the conventional SOA are the same as used in the
PCSOA. This figure shows that the QF increases for longer and thicker
PCSOA active region because of the enhanced light-matter interactions
in the PCSOA structure. The PCSOA total size is smaller than a con-
ventional SOA. This result indicates that the PCSOA-based AOLGs can
be more compact in size than with conventional SOA and hence be
more easily adjustable for integration.

Fig. 9 shows the dependence of the QF on the PCSOA injection
current (I) and carrier lifetime (τc) for the AND operation at 160 Gb/s
for different group indices (ng), i.e., 25, 50, and 100. For acceptable
performance, the PCSOA needs much lower injection current than the
conventional SOA. For I= 10mA, the output QF using PCSOA is 35.87.
Therefore, the PCSOA is more suitable as a nonlinear device for AOLGs
with both acceptable performance and higher QF than the conventional
SOA. Since τc determines the speed of gain recovery, the QF becomes
higher for smaller values of this parameter as shown in Fig. 9(b).

The variation of the QF against the confinement factor (Г) and
traditional linewidth enhancement factor (α-factor) for the AND gate at
160 Gb/s using PCSOAs- and SOAs-based MZI is shown in Fig. 10. For
low Г, less energy of the waveguide mode is confined into the active
layer, which affects the (PC)SOA saturation level required for proper
switching and decreases the QF. The output QF is increased with Г for
both devices, as shown in Fig. 10(a). The nonlinear light-matter inter-
actions are stronger for the PCSOA than the conventional SOA [19].
Similar behavior is observed for the QF versus α-factor in Fig. 10(b),
where the performance of the AND gate with PCSOA is acceptable even
for small values of α-factor compared to SOA. α-factor is related ac-
cording to Eq. (7) to the integrated gain response, which hence is
stronger in the PCSOA than in SOA, so the phase shift is more efficient
in the former than in the latter case.

Fig. 11 shows the QF versus the time offset of delayed signal A (Δτ)
for the AND operation at 160 Gb/s using PCSOAs- and SOAs-based MZI.
The time delay between signal A and its delayed replica creates a
switching phase gate for signal B, so the phase change of the latter
depends on this parameter. The highest QF is achieved at the optimum
of Δτ=0.5 ps. This figure confirms that the QF using PCSOA remains
acceptable across the whole scanned span, which in turn becomes
narrower for the conventional SOA.

For realistic results, the effect of the amplified spontaneous emission
(ASE) and operating temperature on the QF have been taken into ac-
count. The ASE causes a degradation of the gates performance, so it acts
as noise on the optical amplifiers. The ASE power is related to the
spontaneous emission factor (Nsp) through =PASE
N G B(2 ( 1))SP 0 0[37,41,42], where ħ is normalized Planck’s

Fig. 8. QF vs. PCSOA active region (a) length and (b) thickness for AND op-
eration at 160 Gb/s for I= 10, 20, and 30mA.

Fig. 9. QF vs. PCSOA (a) injection current and (b) carrier lifetime for AND
operation at 160 Gb/s for ng= 25, 50, and 100.

Fig. 10. QF vs. (a) confinement factor and (b) traditional linewidth enhance-
ment factor (α-factor) for AND gate using PCSOAs- and SOAs-based MZI at
160 Gb/s.

A. Kotb, et al. Optics and Laser Technology 119 (2019) 105611

5



constant, υ is the optical frequency, and B0 is the optical bandwidth.
The ASE is numerically added to the gates’ output power using the
above expression. The QF versus Nsp for the AND operation at 160 Gb/s
using PCSOA- and SOA-based MZI is shown in Fig. 12(a). It can be
clearly seen that the performance of the AND gate using PCSOA is not
highly affected by ASE noise and remains acceptable even at higher Nsp
values. On the other hand, a reduction in operating temperature speeds-
up the gain recovery time of the (PC)SOA [2], which results in an in-
crease of the QF, as shown in Fig. 12(b). Physically, the probability of
occupation of active region energy levels increases with a decrease in
device operating temperature. Furthermore, the number of carriers
available for providing optical gain are distributed over a narrow range
at a lower temperature. Also, the nonradiative recombinations decrease
with a decrease in temperature and hence cause an increase in gain
[21]. The device operating temperature can be controlled through its
power supply unit or on-chip thermoelectric cooling unit. Overall, the
performance of the AND Boolean function using PCSOA is more ac-
ceptable than SOA even at higher temperatures.

4. OR gate at 160 Gb/s

Fig. 13 shows the schematic diagram and truth table for the OR gate
using PCSOA-based DI.

For OR operation, data streams A, B, and a continuous wave (CW)
‘probe’ signal are combined and injected into a single PCSOA. Data A
and B play the main role in inducing on the CW beam a phase shift via
the (PC)SOA cross-phase modulation nonlinear effect [43]. The CW
signal coming out from PCSOA is split into two parts of equal intensity
via an OC, which are injected into the two arms of a DI. The DI creates a
phase difference between the CW constituents by adjustment of its
critical operation parameters, i.e., the delay (ΔτDI) and the phase bias
(ΔΦ). Thus, when both A and B are '0′, no phase change is imparted on
the CW signal, which results in ‘0′ at the DI output. On the other hand,
when A or B, or both, are '1′, the CW acquires phase changes and its
direct and lagging counterparts interfere destructively, which results in
'1′ at the DI output. In this manner, the OR operation is realized.

For OR operation, the input power inserted in the PCSOA is defined
as [44]:

= + +P t P t( ) ( ) P (t) Pin PCSOA A, B CW (11)

The time-dependent output power of the PCSOA-DI is given by [44]:

=
+

+

P t( ) 0.25
P (t) P (t )

2 P (t) P (t )
cos [ (t) (t ) ]

OR,DI

out,PCSOA out,PCSOA DI

out,PCSOA out,PCSOA DI

out,PCSOA out,PCSOA DI (12)

The pulses profile and corresponding eye diagrams for the OR operation
at 160 Gb/s using PCSOA- and SOA-based DI are shown in Figs. 14 and
15, respectively. The values of the parameters used in these calculations
are cited in Table 1. It is clearly seen that the QF with PCSOA is higher
and more than acceptable than with SOA, i.e. 23 vs. 5.2. The CR values
are also higher with PCSOA than with SOA, i.e. 13.46 vs. 2.1. Physically
this happens because the single SOA used to carry out the OR gate
undergoes a deep saturation due to the simultaneous insertion of three
different signals, which makes it hard for the gain to timely recover and
for data pulses to encounter the same response. On the other hand, with
PCSOA the gain recovery due to high light-matter interactions is en-
hanced to the point that the respective pulses emerge with uniform
logic amplitudes.

The variation of the QF against the signal key parameters, i.e. en-
ergy, width, data rate, and equivalent PRBS length, for the OR gate at
160 Gb/s using PCSOA- and SOA-based DI is shown, respectively, in
Figs. 16 and 17. Still, the performance of the OR function based on
PCSOA-DI is more acceptable than when using a conventional SOA-DI.
Furthermore, for high values of those parameters, the OR output QF
using SOA becomes a negative value.

The dependence of the OR QF on the PCSOA physical and structural
parameters has been examined in this part. Fig. 18 shows the QF as a
function of the PCSOA group index and radiation loss for the OR op-
eration at 160 Gb/s.

The variation of the OR QF against the length and thickness of the
PCSOA active region for I= 10, 20, and 30mA at 160 Gb/s is shown in

Fig. 11. QF vs. time delay of delayed A for AND gate using PCSOAs- and SOAs-
based MZI at 160 Gb/s.

Fig. 12. QF vs. (a) spontaneous emission factor and (b) operating temperature
for AND gate using PCSOAs- and SOAs-based MZI at 160 Gb/s.

Fig. 13. Schematic diagram and truth table for OR gate using PCSOA-based DI. OC: 3 dB optical coupler.
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Fig. 19.
Fig. 20 shows the QF versus the PCSOA injection current and carrier

lifetime for the OR operation at 160 Gb/s for ng= 25, 50, and 100.
Fig. 21 shows the QF dependence on the confinement factor (Г) and

traditional linewidth enhancement factor (α-factor) for the OR function
at 160 Gb/s using PCSOA- and SOA-based DI.

The value of the QF for the OR operation is very sensitive to the DI
delay (ΔτDI). As shown in Fig. 22, for low DI delays, the QF decreases
because a destructive interference occurs at the DI output. For high DI
delays, the QF decreases again because the side pulses start moving into

the neighboring bit slots [45]. An optimum QF of 23 using a PCSOA has
been achieved at a DI delay of 0.2 ps. The performance of OR operation
using a PCSOA is more than acceptable across the whole scanned span
than when using a SOA.

The QF of the OR operation within a PCSOA- and SOA-based DI at
160 Gb/s decreases with increasing Nsp and operating temperature as
shown, respectively, in Fig. 23(a) and (b).

Fig. 14. OR simulation results using PCSOA-DI at 160 Gb/s. (a) Input data A, (b) input data B, (c) OR gate, and (d) corresponding eye diagram with QF of 23 and CR
of 13.46.

Fig. 15. OR simulation results using SOA-DI at 160 Gb/s. (a) Input data A, (b) input data B, (c) OR gate, and (d) corresponding eye diagram with QF of 5.2 and CR of
2.1.
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5. Conclusion

The ultrafast performance of all-optical AND and OR functions with
photonic crystal semiconductor optical amplifiers (PCSOAs), which are
incorporated in a Mach-Zehnder interferometer for AND, or combined
with a delayed interferometer, for OR, was theoretically investigated
and analyzed at 160 Gb/s. For comparison, the results were obtained

for the PCSOAs and conventional SOAs schemes at 160 Gb/s. The var-
iation of the gates’ quality factor against the input pulse and (PC)SOA
key parameters was examined, including the impact of amplified
spontaneous emission and operating temperature so as to obtain rea-
listic results. The results indicate that these gates can be implemented
with better performance, as quantified by the achieved higher metrics
values, and in a more feasible manner, since the requirements for the

Fig. 16. QF vs. (a) pulse energy and (b) pulse width for OR operation using
PCSOA- and SOA-based DI at 160 Gb/s.

Fig. 17. QF vs. (a) data rate and (b) equivalent PRBS length for OR operation
using PCSOA- and SOA-based DI at 160 Gb/s.

Fig. 18. QF vs. PCSOA (a) group index and (b) radiation loss for OR operation
at 160 Gb/s.

Fig. 19. QF vs. PCSOA active region (a) length and (b) thickness for OR op-
eration at 160 Gb/s for I= 10, 20, and 30mA.

Fig. 20. QF vs. PCSOA (a) injection current and (b) carrier lifetime for OR
operation at 160 Gb/s for ng= 25, 50, and 100.

Fig. 21. QF vs. (a) confinement factor and (b) traditional linewidth enhance-
ment factor (α-factor) for OR using PCSOA- and SOA-based DI at 160 Gb/s.
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PCSOAs structural parameters and driving conditions become more
relaxed, compared to conventional SOA technology.
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