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All-optical routing with MZI-SOAs Switches
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Abstract — A router implementation based on OCDMA  detected and recognized in order to allow all-gtic
header recognition and MZI-SOA switching, allowingps  forwarding to the required port. An OCDMA packet
range packet switching capabilities is presented irthis header/trailed/label, unique for each route, is ecbd

paper. Architecture results are presented. prior/following to each data packet. This label, al-
optical correlation identifies the port where toward the
[. INTRODUCTION packet, where a new or the same label can be added.

Fig. 1 illustrates the proposed router block diagra
In this paper, an all-optical router architecture i
proposed, where the label detection is based oe tim [I. CODING SYSTEM
domain Optical Code Division Multiple Access
(OCDMA) header correlation. To perform routing, the The encoders can be achieved by coding orthogonal
data labels from different users/channels have ¢o bsequences (Kasami, Gold, Hadamard) with good auto-
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Fig. 1: All-optical router block diagram.

and cross-correlation properties in Super-Strudtiieer
Bragg Gratings (SSBFG), while each decoder is aelie
by writing the reversed code sequence of the magchi
encoder. This is a coherent bipolar system thas tise
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phase dimension to encode the header/trail [1]. Thé&Vhile the Pa maximum corresponds to 16ps, P/W and
SSFBGs are divided into segments, one for eadbfite = P/C present an overall tendency to decrease with
code sequence. Each different bit represents ardiff  pulsewidth as predicted in [4]. For 64ps, P/W shans
phase shift: 0 ort Thus, between adjacent segments withabnormal increase due to an observable code distdy
different phase shifts, a phase discontinuity ce@m the  pulse overlapping within code, which introducesighér
grating periodic variation of the refractive-index right-side wing whereas for all other pulsewidthe t
modulation (Fig. 2). higher wing is the one in the left.

Coding system performance can be evaluated byThe effect of apodization, also shown in Fig. 3tds
measuring the auto-correlation peak at the decodgnut  improve Pa and P/W, P/C ratios. For 16ps, the aszés
(Pa), the Pa to maximum wing level ratio (P/W) dind  about 5dB for Pa, 2dB for P/W and 1dB for P/C amal t
Pa to cross-correlation level (P/C). For low valoéshe  total power loss, measured as the ratio of autcetadion
grating refractive index, the relation between gnating  peak to input pulse peak, is of 16.6dB for the apextl
spatial refractive index modulation profile and the case and of 20.3dB for the non apodized.
impulse response shape is given by a Fourier-iwamsf
[2]. Thus, the refractive index must be kept lovhich
introduces a trade-off between high reflectivitygthPa) o
and high P/W, P/C ratios. Though better correlation £=
values can be obtained by using longer optical sotte £
requirements of this system permit to partiallyreiggard =
this constrain, maintaining system simplicity levéhe ol e -
simulations were run using two 16 chip Hadamardesod Tnput pulsowidth (1) Tnput pulswideh (1)
Shorter chip length will achieve better pulse shixgelity Fig. 3: OCDMA system: pulsewidth vs. performance.
to the code, for the energy decaying effect alomg t
grating [3], and thus higher P/W and P/C. Thougkeri
symbolic interference effects due to dispersion raoge

important to shorter chip time. Hence, our choga thip , . .
length of 2.3mm which corresponds to a chip time of Once the previous system cannot achieve 125ps wide

22.2ps. Moreover, a minimum 125ps pulsewidth isPulses for flip-flop triggering, we use, after ttiecoder, a
required to trigger the flip-flops [5], so pulseohdening ©0mm long apodized BFG acting as a pulse expamder t
is needed in a following stage. A study of the ogdi Convert the pulsewidth from 16ps to 130ps which
system performance for different input pulsewidgiues ~ Introduces a power penalty of about 8dB.

is presented in subsections a) and b). The sturlydas
the effect of the apodization of the SSFBG.
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Fig. 2: Coderl structure: refractive-index modwaatapodized profile.

A. Apodization

After correlation, the header becomes a pulse. Both
initial and final header pulses are input into B flip-

flop [5]. When correlated, the initial header sets the
flip-flop and the final header sets it off. Duritigs time,

the packet is all-optically switched in the switch
subsystem.

The switch subsystem is divided in three MZI-SOA
stages for each input. The first stage receivescligi and

its respective header signal. This stage decidethef
packet should be bar or cross ported, accordintheo
existence or not of the header signal. In casaof’; the
packet will cross the switch by passing througleeoad
MZI-SOA structure. The second stage receives the
crossing packet and decides if the packet should be

wavelength converted or not. The decision is basethe
XOR operation between the two header signals, gimee
XOR operation improves the packet pass-to-packep dr
ratio (P1/P0) in about 10dB, according to previous
simulations. The third MZI-SOA stage is used to
implement the wavelength converter.

The try-and-error method suggested in [1] was used
apodize the gratings. Here, the reflectivity offeliént
chip along the grating is adjusted in order to rreamthe
pulse response peak variation within a small rafde
apodization was designed for the maximum Pa, oicaurr
at 16ps pulsewidth. The obtained apodization ol
shown in the grating structure depicted in Fig. 2. Considering the worst case scenario where bothtsnpu

In Fig. 3, Pa and P/W, P/C ratios are plotted \@the  are routed to the same output, collision must deated
pulsewidth. Apodization performance is also shown.and avoided. Observing Fig.1, XOR of the headers
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informs of collision. Then, to avoid it, packethar state

case scenario. A study about the viability of using

is routed without changes and packet in cross state OCDMA encoding based on SSFBG to implement the

routed after wavelength conversion. The resultsiobt
for this situation are illustrated in Fig.4 and derstrate
high packet suppression as well as high packet eye
diagram opening

header! =7 7 [ A r=n : (1]

packet
after SW1

(to OUT2) .. [2]
P e Qfactor=8.2
i ER=11.2dB
header2 ~ || Power contrast > 8 dB
collision i
detector E% %g (3
output s
Fig. 4: Results summary of the collision detecgnation.
[4]

The results summarized in Fig. 4 were obtained for
packets at 40Gbps and headers at 1.25Gbps. The
parameters measured show good quality output signal
which can be observed in the clear open eye diggram
even for this scenario. 5]

IV. CONCLUSION
A model to implement an all-optical router was

demonstrated by means of simulation and lab
experimentation. It showed good performance innthest

headers correlators was made. It also showed pirggmis
results.

REFERENCES

X. Wang, A. Nishiki and K. Kitayama, “Improveme of the
coding performance of SSFBG en/decoder by apodizati
technique”,Microwave and Optical Techno. Lett. 43, 247-250
(2004).

P. C. Teh, P. Petropoulos, M. Ibsen and D. igh&dson, “A
comparative study of the performance of seven aBahip
optical code-division multiple-access encoders afetoders
based on superstructured fiber Bragg gratings’Lightwave
Technol. 9,1352-1365 (2001).

X. Wang, K. Matsushima, A. Nishiki, N. Wada, dank.
Kitayama, “High reflectivity superstructured FBGrfooherent
optical code generation and recognitio@SA Optics Express,
vol. 12, no. 12, pp. 5457-5468, November 2004.

K. Matsushima, X. Wang, S. Kutsuzawa, A. Nishi8. Oshiba,
N. Wada and K. Kitayama, “Experimental demonstratiof
performance improvement of 127-Chip SSFBG en/decosiag
apodization techniqueEEE Photonic Technol. Lett. Vol. 16,
No. 9, pp. 2192-2194, Sept. 2004.

R. McDougall, Y. Liu, G. Maxwell, M.T. Hill, RHarmon, S.
Zhang, L. Rivers, F.M. Huijskens, A. Poustie, H.D8rren,
“Hybrid Integrated, All-optical Flip-Flop Memory Ement for
Optical Packet Networks”, paper Th1.4EBC0C2006, Cannes,
France, 2006.



