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ABSTRACT

In this work we present a review of all-optical XOgaites based on Mach-Zehnder Interferometer with
Semiconductor Optical Amplifiers (MZI-SOA), usingR¥ modulated signals driven at 10 Gbit/s.

The performance of two alternative schemes forclalgKOR gates implementation is demonstrated thHroug
numerical simulations and experimentally. The etiom ratio shows high operation performance withv |
degradation.
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1. INTRODUCTION

In transparent optical networks, there is a neguetform all-optical signal processing that alldvesating data
information only in the optical domain, avoidingettoptical-electrical-optical conversion and redgcihe
latency of the communications link [1].

High speed all-optical logic gates are crucial desiin optical networks because they execute esksignal
processing functions such as switching, regeneratitd header recognition processing in photonidchivig
nodes.

One of the main building blocks to implement selval&optical devices such as comparators, addads a
counters is the optical XOR gate [2].

Many approaches have been reported to achieveptitlab XOR operation, and are mostly based on the
nonlinear effects in semiconductor optical ampliff8OA) such as cross-phase modulation (XPM), egass
modulation (XGM) and four-wave mixing (FWM) [3]-[5]

In this paper, we have implemented an optical I0¢@R gate based on a hybrid integrated MZI-SOAngisi
cross-phase modulation (XPM). The SOA-MZI is amadat that performs a variety of optical logic fuoos
and provides high extinction ratio (ER), requiresvlswitching energies to operate and have regewerat
capability and compactness.

Two schemes for all-optical logical XOR operatioiil we compared and the results obtained experiatignt
and from simulation will be discussed.

2. SYSTEM DESCRIPTION

The two experimental setups are depicted in Figanil consist of an external cavity laser peaking at
1549.32 nm, followed by a polarization controllexdaa Mach-Zehnder external modulator driven at bit/&
The NRZ optical signal is then amplified in an Eni Doped Fiber Amplifier (IPG-EAD-500-C3-W) and ispl
into two equal parts using a 3 dB coupler. At {hisnt both data signals are launched into the M@ASCIP
40G-2R2-ORP) port A and port D through an opticelagl line, a variable optical attenuator and a fjiadion
controller to adjust and synchronize the signalffeEent data patterns are obtained by delayingalgat port A
and port D.

For the co-propagation scheme, the control sigmapntinuous wave (CW) lasing at 1546.12 nm arttd wi
0 dBm mean power, is launched into port B and ti@RXsignal is recovered at port I, using a filtethaa
25 GHz bandwidth (X-tract Net Test) and centeretthatcontrol signal wavelength.

The counter-propagation scheme uses the same tsignal and it is launched into port I. The outpuhow
at port B. For this setup, an isolator is placetiveen the EDFA and the 3 dB coupler.

As receivers, a PIN (HP-11982A) and an (Agilentriinfm 86100A) oscilloscope were used.
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Figure 1.Experimental setup a) co-propagation scadrncounter-propagation scheme. DFB: distributed-
feedback laser; PC: polarization controller; MZM:adh-Zehnder modulator; EDFA: erbium doped fiber
amplifier; ODL.: optical delay line; VOA: variableptical attenuator; CW: continuous wave; SOA:
semiconductor optical amplifier; PS: phase shifter.

Simulation of both systems depicted in Fig. 1 hasrbdone using the Virtual Photonics Inc. Softw&®©A
parameters were based on the parameters used l®t 8Ui6] and they are illustrated in Table 1.

Table 1.Parameters used in simulation for the MZI-SOA XOR.gate

Parameter Value Unit
InjectionCurrent 0.2 A
Length 4.25¢10" M
Width 1.5x10° m
Height 1x107 m
OptConfinement 0.2
InternalLosses 2x10° m*
DifferentialGain 1.5x10% m’?
CarrierDensityTransp 1.5x10" m?
IndexToGainCoupl 5
LinearRecombination 5x10’ st
BimolecularRecombination ~ 1x10™¢ m’s*
AugerRecombination 7.5x10* mes*
InitCarrierDens 1x10% m?3

3. TEST RESULTS AND DISCUSSION

3.1 XOR Operation

The truth table for the logical operation exclusiigjunction is shown in Table 2. As it can be sd¢be logical
XOR gate output presents the value 0 if both ofdjperands have the same value.



Table 2.Truth table for the XOR function

A B XOR
0 0 0
0 1 1
1 0 1
1 1 0

Figure 2 illustrates the data input signals injddt&o the arms A and D of the MZI-SOA, each witliBm
mean power, and the corresponding XOR gate oughutQ Gbit/s. The results obtained experimentaily ia
agreement with the principle of operation of an X@#Re.
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Figure 2.a) and b) Data sequences c) XOR outputidéiscale is arbitrary and horizontal scale isGps/div.

3.2 Comparison of Extinction Ratio

Figure 3 presents the performance of all-opticalRX@ates with the variation of the input power of tHRZ
data signals from 0 to 4 dBm, maintaining at theespower the CW control signal (0 dBm).For both emd
counter-propagation scheme, the performance oK@R gate is almost independent of the input powsice
the power variation of the two data signals invdhia the comparison is the same. However, the epunt
propagation scheme shows a better performance, amitimprovement on the extinction ratio rangingnfro

0.72 dB to 1.64 dB.
Simulation results are in good agreement with ttpeemental measurements.
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Figure 3 Performance of all-optical XOR gate Vsuhgata signal.

4. CONCLUSIONS

We have shown experimentally and by means of stioulahat MZI-SOA devices acting as logic XOR gates
using a counter-propagation scheme have betteonpeahce than a co-propagation scheme, with extincttio
values higher than 10 dB.
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