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Abstract

The rapidly growing Internet traffics are driving the
demands tor higher transmission capacity and higher
processing speed. especially for the backbone networks.
o support such bandwidth usage an optical Fiber
Distributed  Data  Interface  Wavelength  Division
Multiplexed  (FDDEWDM) - network proposcd.
wherein the wanelength channels are amplified using
L rhium-Doped Fiber Amplifiers (EDFASs) to compensate
for the losses over the optical fiber span. In this paper we
imestizate  the  network  performance  for both
synchronous  transmissions. by
measuring the amplified spontancous emission (ASLE)
along the ring. the optical signal 1o noise ratio (OSNR).
and the electrical SNR at different destinations. The
of various network parameters  such as
sonchronous bandwidth allocation and Target Token
Rotation Time (TTRT) on the network performance are
also presented. Results show that when FDDI s used in
conjunction with WD higher throughput and less delay
are simultancously achieved in comparison with FDDI
standard networks.
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I. Introduction

Oner the past decade. we have witnessed a rapid
oronth i optical communication. At first. it was used
for long distance links. Currently. optical transmission is
finding  growing applications in local and  metro
networks. The transmission bit rate becomes higher and
higher. and despite the fact that single mode fiber has a
substantial bandwidth, wavelength division multiplexing
(WDAT) hecomes the best choice for capacity increase at
lower cost. and its applications extend bevond the optical
communications domain [ 1]. Optical WDM networks are
dominating the communication network  infrastructure
supporting  the next  generation  Internet  backbone.
However, current applications of WDM focus on the
static use of individual WDM channels. which are not
exploited  efficiently  for  optimum  throughput,  The
current challenge is to combine the advantages ol using
WDN o ometro optical networks 1o realize  high-
throughput  optical  backbone networks [2]. Current
Dense WDN allows 80-120 wavelengths per liber to be
transmitted enabling a total capacity of up to 400 Gb/s
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3], Fibre
backbone

Distributed  Data Interface (FDDID) s a
network  defined by American  National
Standards Institute (ANSI). It uses timed token access
method to share the medium among slations. and based
on a 100 Mb/s single channel transmission. FDDI
networks can have a maximum of 300 nodes connected
by using a ring topology. as shown in Fig 1. The
maximum allowed length of the medium in the network
is 200 km [4].

FOOI station

Figure 1. FDDI Network

During network initialization. a parameter called
Targel Token Rotation Time (TTRT) is assigned for the
network together with synchronous bandwidth allocation
(which is a fraction of TTRT). There are two modes of
transmission in - FDDI network:  Synchronous  and
Asynchronous. Time-constrained applications such as
voice and real-time traffic use the synchronous mode.
whereas applications that do not have time constraints
use the asynchronous mode. Synchronous frames are
given higher priority over asynchronous frames [5].
When a station receives the token. it starts transmitting
its ssnehronous messages Tor a time that does not exceed
its allocated synchronous time slot. After transmitting a
synchronous  frame.  asynchronous  frames  can  bhe
transmitted for a time interval called the Token Holding
Fime (THT). The node that captures the token releases
must release it immediately either after the THT expires



that can steer an incident optical beam by an angle that

depends on the period of the waveform. The far ficld of

an - mi-phase-level  blazed graung of period  pand
aperture A is given by [7]
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where # denotes convolution, @Lx)is the phase

profileot the blazed grating. and N is the number of

period along the blazed grating length. The far field

distribution of the blazed grating is given by
E = FT|R(x)]

where FT denotes the Fourier transform

Practically.

(2)
operator.
the diffractive efficiency of the grating
generated by the Opto-VLST processor depends on
several factors. namely. (i) lincarity of voltage-phase
response. (i) the maximum available phase level, and
titi) the number of quantized phasce levels. In general,
the overall diffraction efficieney of a blazed g
be expressed as

N=0.u18, -0,

Ing can

(3

In Eq. (3). 7], is due 1o the reflection at the surface ol

the grating as well as the absorption along the thickness
of the graung, 7 p 15 associated with the pixellated

nature (defined by the fill facior) of the Opto-VLSI

L / . .
processor. and is given by 57, = f- with £, is the

mtensity the zeroth-order beam when the Opto-VLSI
processor is not addressed. and [ s the input beam
‘ TR
intensity. 77, = Sine (=) is related 10 the number
[4

ol quantized phase level, . and 17, 1s linked 10 the
maximum available phase shift. For an ideal blazed
grating on which the linear phase-only - modulation
depth of 27 is applied. 17 w Asequal 1o 1,

Figure 2 shows the phase profiles for an ideal blazed
grating of maximum available phase of 2n. wgether
with linear and piccewise-linear blazed gratings of
maximum phase level k27, with k<.

For the linear blazed grating the phase profile can be
represented as:

OX)=k-2m-x
For the modified blazed grating.,
given by:

4

the phase profile s

0 x<Zb
AN =4k -2 Zh<x<p=Zi: 2
k2 p=Zhsxsp

Figure 3 shows the theoretical diffraction eificiency of

the zero order and first order beam versus  the
maximum available phase for the lincar and pilecewise-
linear blazed ratings of 32-pixel period when Z, =0,
7= 3 1Uis shown that for @ maximum as atlable phase
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below 1.87. the first-order diffraction ellicieney of the
piecewise-lincar blazed arating is greater than that of
the linear blazed graung. For a maximum available
phase of LIn. a |15% improvement an - lirst-order
dilfraction efficiency is achicved by modilving the
lincar blazed srating with a plecewise-linear hlazed
grating.

)
= ldeal
’7 bluzed ;r.lllm\
K2n |
Quantized B
o Piecewise-lineur
7
= F it blazed graung
<
: mﬂﬂﬂﬂﬂ
i p-/.
n
ldeal
blazed :_'l'ill!ily\\-.
K2n
Quantized Lincir_
3}
Z blazed grating
= n
x ‘
|

0

Figure 2. Quantized linear and precewise-linear blased gratings wih
maximum phase less than 2

Figure 3. Theorencal dittraction elficieney of 1 order and ero pider
beams versus the maximum phase 1or lincar and piccesase hnew
hlazed gratings of 32-pixel period

3 Experimental Results

The Opto-VLSI processor used in our experiment s u
commercially available 154096 nematic liguid: erystal
fabricated by Boulder Nonlinear. Ine. The deviee
consists of 4096 clectrode strips that are L.Opm wide
and approximately 6mm long. with g dead-spacing ol
O-8pm. The experimental seiup is shown in Figure 4. A
I1550nm 10dBm optical signal was launched o the
input libre and collimated at 1-mm diameter Through
a beam expander. the beam was expanded to 4-mm i
diameter o illuminate the working arca ol the Opo



VLST processor. To measure the diffraction elficiency,

the diftfracted beam was focused through an imaging
lens on the photodetector of o Iree-space power meter.
Phe npat fibre collimator. the g
photodetector were placed on S-axis st

and
sothat they
can be accurately aligned with respecied 1o each other.
The measured optical Toss introduced by Opro-VLS]
Wity around AdB. which was due 1o lTow
mirror reflectivity and low fill factor, A polarization
controller was also used 10 reduce the polarization
dependent loss

¢ lens

processor

Frea-space
Optical Power
Meter

sure - Bxperimental setup for measuning the diftraction efficienes
o Bl

e S shows the measured normalized diffraction
elhcreney of the first order heam for the linear blazed
crating and the piccewise-lnear blazed rating. When
the maximum available phise s areater than 1,87, the
fmear blazed grating has higher diflraction

efficiency.
However, for a masimum: available phase less than
87 the precewise-linear blazed grating
subsiantiadly higher i

can  attain
fracuon cfficiencies than the
For example. for a maximum

lincar blized grating.
avatlable phase of 1

< the dilfraction efficiency of o
W 32-pixel period is more than
whercas the diffraction elficiency of a similw
period linear blazed gratin is Tess than 456 .

plecewise lincar eratir

e,

3 05 87 °% w1 45 s 1g 28 |
Maximum available phase (Pi)

oS Nommalized measured diffraction cificiency

versis the
manamm avalable phase for the linear rdigmond | and precewise
iear tsquare s bluzed eratines (7 =th Zy=3)

4. Conclusions

Inthis paper. the degradation in diflraction clfliciency
due o the voltage drop across the quarter wave plate
fayer of an Opto-VLSI processor has been in st
and the use of plecewise-linear hlazed aratings

rather
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than conventional linear hlazed gratings, for heam
steering i proposed 10 improve  the diffraction
clficieney of Opto-VLS] processors. We have analysed
and measured the diffraction efficiencies of lincar and
piecewise-linear blazed gratings generated by an Oplo-
VLSI processor having a maximum available phase of
less than 2r. Experimental results have shown that
piecewise-linear blazed  gratines can auain higher
diffraction efficiencics than linear blazed gratings when
the: maximum available phase is Timited 10 less than
.87 For an Opto-VLSI processor having a maximum
available phase of 1.2r. a diffraction efficieney of more
than 70% can be attained with a
blazed erating. in comparison 1o 45%
conventional lincar hlazed arating,

precewise-linear
elficieney for o

5: Acknowledgement

This project is support by Australian Rescarch Council
(ARC) and the Office ol Science and Innovatich,
Western Australian Gosernment,

Reference:

IT] AL Ransic S, Adherom, K. Alameh and
“Opro-Vlsihased muliiband tunable opri
Electron. Lett . vol 30 N 2, pp. 13331534, 2003

SoAdherom. ML Raisi, K Alamich and K. Esh

K. Eshraghian

12]

hian

CAdapive WM equalizer using - Opio-Via heam
Mocessing™ TEEE Photonics Technology  Letters,
NOLIS. 0o 1L pp 16031603 Noa 2003

[3] Pedro A1 Pricto. - Ennque 1 Ferndndes, Silsestre
Manzan Pablo Aral. “Adaprive optics with a
Programmable phase modulato applications i the
human ¢se™, Opricy Express . Vol 12, No. 17 August
2004, pp, 40549-4007)

4] AL Komareevie, | G Manolis. T 1D Wilkinson. and W
A Crossland. “Polarization effects 1 recontigurahle
hguid ervstal phase holograms.” Opt Commun., vl
244 pp IS 2005,

5] w. sir gerand 11 Tizam. “Bom approximation for fhe
nonparaxial scalar treament of - thick phase granngs”
Appl Opr 37, pp. 12491555 [9os

161 U Levy, B Marom, and D Mendlovie, “Thin elemens
approxikition tor the analvsis of  hlused cratings
stmplified model and salidity Timitw”™ Opt Commun
229, 11-21. 2004

17] NMWang., 13 Wilson, R, Muller, P Maker, and 1. Pualie,
“Laquid-crystal blazed-grating beam deflector ~ Appl
Opl. 39, 65450355 2000

[8] E G Locwen. M Nevie're and D Maystre, “Granine

ficieney theory as 1 applies to blazed and holographi.
STAPPL Opt 16, 2711-2721. 1977




	Throughput and Delay Optimization in WDM FDDI optical Network
	tmp.1317107974.pdf.YjtOt

