Available online at www.scholarsresearchlibrary.com

a Enginee,'.,l

N

/ Scholars Research Scholars Research Library
European Journal of Applied Engineering and

Scientific Research, 2014, 3 (4):31-35
(http://scholarsresear chlibrary.comvar chive.html)

Library
ISSN: 2278 — 0041
CODEN(USA): EJAEAJ)

Performance analysis of MZI in label- swapped netwis using integrated soa-based Flip-
Flops and Optical Gates

A. |. Stanley*?, James Eké&and F. U. Nweké

'Dept. of Electronic and Communication Engineering, MNIT, Jaipur, India
*Department of Industrial Physics, Ebonyi Sate University, PMB 053 Abakaliki, Nigeria
3Department of Electrical Electronic Engineering, Enugu state University of Science and

Technology, Enugu, Nigeria

ABSTRACT

In thisletter, we showthat all-optical network systems, offering intelligence in the optical layer, can be con- structed
by functional integration of integrated all-optical logic gates and flip-flops. In this view, we show 10-Gb/s all-
optical 2-bit label addressrecognized by interconnecting two optical gates that perform XOR operation on incoming
optical labels. We also demonstrate 40-Gh/s all-optical wavelength-switching through an optically controlled
wavelength converter, consisting of an inte- grated flip-flop prototype device driven by an integrated optical gate.
The advantages of these all-optical systems combined with their realization with compact integrated devices,
suggest that they are strong parameters for future packet/label switched optical networks.

Key Words: Mach-Zehnderinterferometer (MZI), optical flip-flop, optical abel swapping(OLS), packet
switching, semiconductor optical amplifier (SOMavelength conversion, Converter.

INTRODUCTION

NEW generation communication modes such astipnotocollabel swapping [1] have been reported, for
solving themismatch between fiber capacity and router paaketdrdingcapacity. Optical label swapping (OLS)
[2]-[5] has been reeently reported where intelligent functionalitiesck as labeprocessing and routing are
realized through electronics aadvanced integrated devices. Considerable warlOLS labeling has been also
reported for coding low-ratiabels in different modulation [2] using customizieansmitterdesigns. Up to now,
packet routing with lower bit-rate labdigs been reported, ranging from megabits per secpndo 10-Gb/s
labels [3], [4]. In the last few years, researchatlroptical signal processing has been fueled through research
projects[6]—[8] and the creation of companies affgrintegratedlevices. In order for optical switching to emerge
as a viabletechnological solution, all-optical network systeinsple- mentations/designs must be capable of
processing high-ratpacket traffic with bit-serial labels, thereby yiglg increasedandwidth utilization while
avoiding customized transmittepnfigurations. These systems must also be implesdersing a single cost-
effective photonic integration technologpased on monolithic or hybrid integration or conation ofboth and
not customized and costly solutions. In this paperanalyze two all-optical network systems; a labealcgssor
capable of recognizing 10-Gh/s incoming labels ad®-Gb/woptically controlled wavelength converter, drivend
flip-flop prototype device. These systems can operate atspigedwith low guardband requirements and are
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implemented usin@ single integration technology. Research on iatémn of multiple gates on a chip [7]
suggests that the systems coble integrated on the same chip, avoiding fiberkip-ccoupling and reducing
packaging and pigtailing costs.
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Fig. 1. Concept diagram of all-optical label procssing and forwarding.

ALL-OPTICAL ROUTING CONCEPT

Fig. 1 shows the block diagram of the processing ad<anall-optical label swapper (AOLS) [6]. The system
consists ofin array of label processors and optical flip-flaqmmnectedo a 40-Gb/s wavelength converter. All-
optical label extraction, single pulse extraction, and local label gatien usingsemiconductor optical amplifier
Mach—Zehnder interferometéBOA-MZI) gates is performed as described in [6ck labelprocessor compares
the incoming label with one permutatiand generates a single pulse if a match occur€Eglh branctof label
processors is connected to an all-optical flip-flemitting at two wavelengths, for the case of a 4 AALS
node. The common wavelengty is filtered, al-lowing one of the four wavelengths to propagateedeljng on
which label generates the matching pulse. Thefltip-device is based on two coupled MZI gates, leevs in
Fig. 2(a) in order to obtain a very fast switchitigne. Each gate is powered by one continuous-wave (CW)
signal, forming a bistablelement with two wavelength states. Toggling betwsites isachieved by injecting a
pulsed signal to one of the two gatesset the device and a delayed version to restieiqueé-vious state. The
amount of delay between SET and RESET pulsdimes the duration for which the device is in ¢béstate, anfibr
the AOLS domain, it is equal to the packet lengtiproto-type device comprising two flip-flops on a singlegwas
fab- ricated by the Center for Integrated Photonics. E{@) showghe silica waveguide motherboard showing the
two MZ| struc-tures. Fig. 2(c) shows the precision-diced daugloizd withflip-chipped twin SOA devices.
Packet routing is achieved mpnnecting the output of the flip-flop to an SOA-Miave- length converter.
Depending on which label processor generatamtching pulse, the appropriate flip-flop is setjtting at onef the
four wavelengths to which the payload will be cated,as shown in Fig. 1.
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Fig. 2. Developed flip-flop using hybrid technolog: (a) schematic of device,
(b) planar silica motherboard, (c) daughterboard wth twin SOAs flip chipped and wirebonded.
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Fig. 3. Experimental setups of the all-optical netark systems, (a) all-optical label processor and (b) optically controlledvavelength
converter.

IMPLEMENTATION OF SYSTEMS

Fig. 3 shows the two experimental setups that weeal todemonstrate each system individually. Fig. 3(ansho
the experimental setup of the label processor. A slétansmitterwas implemented, generating the label patterns
and the cloclsignal used as input to the optical gates. A pgkseerating lasewas used as the clock source, whereas
the labels and contrsignal were modulated using high-speed patternrgéors. The

@ | [ [ 1 [] (b)

Fig. 4. Experimental results of label processor (apcoming labels, (b) localabels, (c) match pulse, and (d), (e) show correspading “1”
and “0” levels.

label processor consists of two cascaded SOA-MZicabgatesconfigured to perform XOR operation on the
incoming and localabels. A matching pulse appears at the outpuh@fsystenonly if a complete match occurs.
Polarization control was onlyecessary at the input of each gate, since the S@Ad had lowpolarization
dependence. The optical delay lines were usdihéstune the synchronization between interactsignals within
the optical gates and the variable optical attearsatvere usetb adjust each signal power for optimized switching
within the SOAs.

Fig. 3(b) shows the experimental setup for the ltienaave-length converter used to demonstrate the concept-of
opticalrouting. Two CW optical sources emitting at 1556 4670 nmwere used for providing the two states to the
optical flip-flop prototype. A pulsed signal was also generated bgutating aCW laser emitting at 1560 nm that
acted as the control pulse pngding the SET and RESET signals. The signal hamilaewidthof 500 ps and a
period of 15 ns. The flip-flop output was camected to the wavelength converter, realized usm§OA-MZI gate
operated in push—pull mode. A counter propagatoidihg beam was also used for removing transients withén t
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SOAsand reshaping the generated CW signal from thefléip. Finally, a 40-Gb/s pattern generator wasduse
modulate data oshort pulses provided by a pulse generating ld3ependingon the measurement required, the
pattern generator was programmed to produce cantiar packet-mode 40-Gh/s data.

RESULTS

Fig. 4 shows typical experimental results of theGlfJs labelprocessor. Fig. 4(a) and (b) shows 2-bit label
combinations tabe compared. Each label is spaced 3.0 ns, wheheag1fl1” combination was included for
assisting the synchronization sifjnals during the experiment. The local and ine@rabelsvere synchronized so
as “01” coincides with “10” giving a conplete match. The generated matching pulse at theubof thelabel
processor is shown in Fig. 4(c) verifying the opieraof the subsystem. Fig. 4(d) and (e) shows the eyeatizg)of

“1” and “0” levels, revealing an extinction ratio of @8. Figs. 5and 6 show experimental results of the 40-Gb/s
optically con-trolled wavelength converter. In order to assessatality ofthe CW signal provided by the flip-
flop, static bit-error-rates

Light Source for Wavelength Conversion:

Fig. 5. BER measurements for static flip-flop opeation.
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Fig. 6. Eye patterns showing all-optical roumg. (a) Incoming packets,
(b) flip-flop output, (c) wavelength-switched packes.

(BERSs) were measured using continuous 40-Gbh/s &atecif-ically, the flip-flop state was controlled so ather
the 1550 orl570 nm was the dominant state. Fig. 5 shows th& Bfea-surements for back-to-back and
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wavelength conversion usir@W light from a tunable laser source and from C@htlipro-vided by the flip-flop.
The power penalty was measured toldss than 1.8 dB when wavelength converting froenttinablesource and
the flip-flop prototype for both wavelengths. Thevas a polarization drift between the transmitted #re optical
subsystems due to the implementation using longrsitandbulk fiber-pigtailed components, which gave a small
fluctuationduring the BER measurements. The polarization dfffctedthe input signals to the flip-flop and the
wavelength converterdue to the polarization dependence of the silicaherboard.Higher stability can be
obtained by minimizing the length tfe fiber interconnections between the active saasspe components or the
implementation of the subsystems on a sirgyigp [11]. The flip-flop was operated using the gad signato
achieve dynamic switching between states. The REBHEHIewas delayed 2.5 ns with respect to the SET pulse,
corresponding taéhe duration of a single packet. Data packets \wesduced byprogramming the 40-Gb/s pattern
generator to produce 1.9-packets separated by 3.2 ns. Fig. 6 shows osdlf@straces.

Fig. 6(a) shows the incoming packets, and Fig. &fiws theCW generated from the optical flip-flop, when
triggered by th&sET and RESET pulses. Fig. 6(c) shows the correipgnvavedength-converted packets. The flip-
flop exhibited an extinctiomatio of 9.5 dB, which was the main reason of stal& from re-maining packets. The
SOAs were driven with 160 and 350 nirAthe flip-flop and the wavelength converter, redively. TheSET/RESET
optical signals were found to be polarization-inelegent and no significant signal-to-noise ratiorddgtion was
observed at the output of the system. The reduggdcgonratio of the flip-flop can be enhanced by usingRa 2
regenerator at the processor/node output in oodalidw for new datgackets to be inserted. Higher extinction ratio
greater than 20 dBan also be achieved by optimizing the current adedesigror utilizing a different flip-flop
configuration [10]. In the casghere more label bits are required, a feedbackenX€2R correlator can be used [9].
The flip-flop prototype has two independent MZI iopt flip-flops for generating four different wavéengths.
Hence, a single device is sufficient for a 4x4 aurde.

CONCLUSION

We have demonstrated that all-optical network Systean be built by functional interconnection of SOAM
basedintegrated devices. Successful label recognitiod aptically controlled wavelength conversion of short
optical packets washown with fast-switching prototypes.
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