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Abstract
This paper presents the effect of dispersion andtiMweccess
Interference (MAI) of optical fiber on the Bit Em®&ate (BER)
performance of a Direct Sequence Optical Code MDiNis
Multiple Access (DS-OCDMA) network by means of imséy
modulation and ORC. By using Mat lab simulationgn&l-to-
Noise Ratio (SNR) versus Received Optical PowerRRaf an
OCDMA transmission system can be evaluated witb-aafled
7-chip m-sequence for different numbers of systemmrai This
can be done for the ROP versus BER for variousttengf
single mode optical fiber by taking into considenat the
dispersion effect in the optical fiber. Mat lab slations can be
performed in order to illustrate the reduction bé tdispersion
index gamma, or to visualize different scenariog.,ewhat
amount of transmitted power is required in ordeolitain a BER
of 10-9 when the length of the optical fiber iscireased.
Keywords: Access codes, code-divison multi-access, BER,
SNR, DSOCDMA, ROP, optical fiber communication.

[.INTRODUCTION

Our main objective in paper is to analyze Opticad€
Division Multiple Access (OCDMA) networks. We
analyze the main causes for Multiple Access Interfee
(MAI) which may reduce the performance of OCDMA
networks. We also analyze the limitations that ocluwe to
dispersion in OCDMA networks. Dispersion can also
reduce the performance of the passive optical mitwo
Furthermore, we present in this paper our simuiatio
results for BER versus received power for a mudtipsers
system. We present the simulation results of tfectf of
Dispersion for various scenarios, e.g. differentereed
optical power for multiple users and various optidaer
lengths in OCDMA Systems

Development of the optical fiber communications
technology has evolved rapidly in order to achitarger
transmission capacity and longer transmission st
[11]. Nowadays, OCDMA systems are highly interegtin
as they offer several sought-after features such as

Asynchronous accesses, privacy, secure transmssaiuth
ability to sup-port variable bit rates and busyfficaand
provide high scalability of the optical network [3]
In OCDMA, one great feature is that all subscribeas
access the network asynchronously. In this casgeat
advantage is that neither conversion of opticalétrical
signals is needed nor use of timing devices isiredqu
Current research on OCDMA focuses on direct time
spread OCDMA, spectral encoding-decoding, pulse-
position modulation OCDMA, asynchronous phase
encoding OCDMA and frequency hopping OCDMA [5].
However, in [5] chromatic dispersion of fiber istno
considered. Chromatic dispersion can reduce system
performance and occurs when increasing the intigr-ch
interference and decreasing the receiver opticakpo
Intensity modulation with direct detection On-Ofe¥ing
(OOK) OCDMA and Pulse Position Modulation (PPM)
OCDMA systems are analyzed in [1]. The capacity of
these networks is limited because the number ofasige
sequences available with good correlation propefie a
given sequence length is small [Hurthermore,  recent
developments in coherent OCDMA encoders/decoders
allow for the efficient separation of large numbef
simultaneously users providing thus a feasibletamiufor
low-cost applications in multi-user Local Area Netks
(LAN) environments [6].
In this paper, the analysis is carried out for disequence
OCDMA system with intensity modulation and direct
detection sequence inversion keyed receiver [13]
considering both MAI and chromatic dispersion. OCAM
is one promising candidate for the next generation
broadband multiple access technique due to full
asynchronous transmission, low latency access #sawe
soft capacity on demand [14].

MAI may be seen as a kind of noise. The MAI
noise is minimized in this work by using the sol@alm-
sequence signature code. In case of practical OCDMA
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network applications, the capacity of asynchronowsti-
user access is essential [14].

In addition, an aspect of dispersion, namely thetétion

of the OCDMA system is also presented here. Theamai
focus of this work is to do research on what caddree in
order to reduce the dispersion & MAI of the OCDMA
network such as to obtain a given BER.

Optical code-division multiple-access (O-CDMA) is a
attractive technology since it potentially providésxible,
robust, and asynchronous communications
networks. CDMA schemes are categorized as
implementing the code through the optical field and
relying on coherent detection, or through time sslahd
wavelengths with reliance on incoherent detection.
Coherent schemes are susceptible to coherent bées n
that occurs when the correctly decoded signal tealiyo
overlaps with the multiple access interference (Migdm
other users [1].So recent implementations of catte@
CDMA resort to timing coordination between users,
ranging from complete bit-level synchronization [@
time slot assignment within the bit [3]. Anothemapach
uses very long spreading codes to minimize the ituwlgl

of the MAI while keeping users asynchronous; howgeve
only ten of 512 possible codes deliver adequaterbdr-
rate performance (BER< 19)[4]. In-coherent schemes
are less susceptible to coherent interferenceb[]due to
time slot allocation, are difficult to implement caless
spectrally efficient with increasing data rates dimde
slots.

A single mode fiber is used for high-bit-rate tnaussion

in low-loss-transmission windows but dispersion ais
important impairment that degrades overall system
performance of an optical communication system [7].

The major limitation in transmission medium is GQuou
velocity dispersion (GVD) and non-linearity duedptical
Kerr effect and their distribution over propagation
direction, which degrades the system performanesnckl

it is of utmost importance to compensate for théseu
spreading due to GVD and non-linearity [8].

Optical fiber transmissions have two fundamental
shortcomings: transmission angles and bandwidth
limitations. Furthermore, impurities and the pheeoon

of glass absorption also create losses in opticatd.

Losses occur in optical fibers mainly when the filge
bended at an angle. As a result, the light can ¢eérom
the cladding. There are three windows of wavelength
used in optical communications. In addition, losses
also related to the wavelength. For instance, i@ r@m
wave-length has a loss of 4-5 dB/km. For the 130 n
wavelength, the loss is 3dB/km and for 1550 nm
wavelength the loss is 1 dB/km.

in access

2

Shatt Path

Long Path
Figure 1: Light path in optical fiber

The loss depends on the light paths because lighthrave
different paths within an optical fiber. Figure llustrates
the loss for different light paths.

There are two types of attenuation: intrinsic arttiesic.
The intrinsic attenuation occurs when there is giigm
of the ultra-violet and infrared light. In the (24m range,
the resonance of ultra violet and infrared lighbroat be
absorbed in optical fibers. As a result, the imipesiof the
optical fiber must be also taken into consideration
From 1.23-1.4 um range, the OH ions in the optidedr
are responsible for the attenuation (illustrateéigure 2).
The wavelength range of 1.26-1.62 nm is more slaitfdy
optical transmission because, in this case, trenadition
of signal is 0.5dB/km. Furthermore, intrinsic atiation
consists of Raleigh scatterings due to variationg. d'he
attenuation due to Raleigh scattering is sketcmedhe
dashed line in Figure 2. Extrinsic attenuation appe
when the light path is bending or due to micro inies
from the manufacturing process.

Attenuation

~ -
-~
1 1

850 nm 1300 nm 1500 nm

Wavelength

Figure 2: Attenuation of light in single mode

Figure 2 illustrates the attenuation of three wength
windows. These windows are the following: 850 ni30Q
nm and 1500 nm. The attenuation (measured in dscibe
(dB)) for the 850 nm, 1300 nm and 1500 nm window is
3.5dB, 0.4 dB and 0.2 dB respectively.

In our paper we used the 1500 nm wavelength. In the
above figure there are two lines. One solid line ane
dashed line. The solid line illustrates the typisalape
which is followed in the 1990’s. The dashed lin@wh
the actual shape of the attenuation of the singtelem
fiber.

Chromatic Dispersion: There are several reasonghier
reduced performance of optical fiber communications
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Chromatic dispersion is such an effect which catuce
the performance of passive optical networks. Chtama
dispersion is the combinations of mainly two fastor
dispersion of material and dispersion of the waiggu
Mathematically we can write

D1=Dy+Dwe

Where 3 denotes the total dispersion, whilg&nd Qyg
defines the material
respectively [7]
Chromatic dispersion is the effect of pulse spmegdor
broadening) and can reduce the integrity of a vecki
signal unless appropriate dispersion modules aleded
in the optical communication system [7].

Simulated results of the power at the input anguatubf
the optical fiber are shown in Figure 3 [8].

Forthe same of T,

The inputand output theingut poweer

pewer of fber fora chip &7 of fber whentwo

1 are coted
For tze eme of T,
Jegut poscer for the detz of 07e coded

the outpuspower

of fkerwhen two  The ngutgovee of e fr fisperson h

/
“1"are coded [/t 1 data zre codec for the same of T,

N
Output power for
Theicput power of iber forthe dispersion
the date ofone coded

Figure 3: Chromatic dispersion in optical fiber

Here is the power of the optical fiber per chiporh the
figure we can see that data is not uniformly chan@déne
reason for this is that the power is increased wiaaling

of two data streams are superimposed for the same

duration in the chip. As a result, more superimposzded
data spreads the available data per chip.

This phenomenon interferes with adjacent chips. thisr
reason, errors are also in-creased which in teduces
optical system performance. Mainly, this effect wsc
when multiple users are using the system.

Consequently, we can conclude that data spreading
adversely affects the OCDMA sys-tem and shortems th

light pulses. In such cases, it is necessary te fako
account the fiber dispersion effects and compaeentko
MAI limitations [8].

Four Wave Mixing: The nonlinear characteristic oé so-
called four waves mixing is defined as the prodfdhter-
modulations which, in turn, are the effect of vaso
frequencies at different levels of interactions.

For instance, when three wavelengths, propagateighr
the optical fiber, they create a fourth wavelengtioduced
by the incident scattering of the three photonsisTh
mechanism is referred to as a four wave mixingaffetts
the optical transmission on OCDMA systems.

A photon is defined as the quantum of the electgmetic
field with the unit photon as the light. The phatoare
regarded as a bundle of discrete packets. Wherptwp
(incident) photons (lights) are annihilated, twowne
photons are created: the first one is created etsitnal
frequency, while the other one is created at a
complementary frequency called idler [10]. In a WDM
context, this resulting power transfer impairs the
transmission since it produces crosstalk between th

and the waveguide dispersiontransmission channels [9].

I1. Proposed System Description

In this work, the OCDMA system consists of five mai
sections:

1. Data source (i.e., transmitting computer).

2. Optical CDMA encoder.

3. Optical star coupler: Device that accepts ongutin
signal and is able to output to several. At lasing the PN
sequence receiver can receive his desired sigmaleker
star coupler has a loss. But this is very poor.

4. The 4th section is the optical CDMA decoder.

5. Data sink (i.e., receiving computer).

The schematic block diagram of an OCDMA
communication system is depicted in Figure 4 antbb,
an OCDMA transmitter and for an Optical Correlator
Receiver (OCR) with switched sequence inversionrkgy
respectively [1].

—)',“ ﬁ Opnlliie
v '

JUINL

T

Fig: 4 OCDMA Transmitters

nl

Fig: 5 OCR with switched SIK

In the OCDMA transmitter, every user preserveedst
signature codes modulated as binary. Data are lgctua
electrical signals sent to the optical drive whadnverts
the electrical signals into optical signals. Thecaated
signal is further sent to the star coupler. The stapler
used depends on the topology of the network whichhe
either a LAN or an access network.
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In case of a LAN, the star coupler is N: N, whitedn
access network, the star coupler is 1:N. Furthar, i

OCDMA every user shares the same channel. For this

reason, crosstalk which is interference due to ipialt
accesses is introduced here.
unwanted interference, every user uses variousagign
sequences.

In order to reduce thi

o

1) P[%]ﬂw

(t-IT)

¢

1y

*sine

)

On the other hand, in the OCR with switched segeienc Here,y represents the index of chromatic dispersion ef th

inversion keying, an optical switched correlatoruised.
Consequently, a bipolar reference sequence is latede
directly with the channel’s unipolar signature seuge in
order to recover the original data [1].

The unipolar-bipolar correlation is practically ligad in
an optical correlator, by spreading the bipolarerefce

sequence into two complementary unipolar reference

sequences. In addition, the optical correlator joles
unipolar switching functions for de-spreading thaical
channel signal [5].

The PIN photodiode is also known as the p-i-n
photo-receiver. Here, i is the intrinsic region @tis un-
doped between the doped regions of n and p. Fintléy
PIN photodiode cancels the despreaded signal utiedr
with the periodic data. This occurs before the ctaia of
the zero threshold voltage.

I11. Proposed System Analysis

At the OCDMA transmitter, the SIK (Sequence Invensi
Keying) modulated signal is sent to the opticalvesi
through a laser diode. Consequently, the outputugars
can be mathematically expressed as [3]

N-1

Sk(f):ZPTBk(f)®‘4ir(f_]Tc)
=0

)

In (1), &(t) represents the transmitted output pulse shape

for different users in single mode fiber while presents
the period of the chip and PT is the optical powkthe
chip. Furthermore, Band A« represent the user’s binary
signal and signature codes, respectively.

operato ® represents the sequence inversion
modulation so that when Ais transmitted for “1” A is
transmitted for “0” respectively. Furthermore¢ & the

The
key is compensated by considering the mean of the &igna

optical fiber which, in turn, can be expressed
mathematically as [5]

5 2

(*) Db'L

v =
- (1)) ®)

In (3),y represents the wavelength of the optical cariser,
the light velocity and is the fiber length. Furthdd
describes the coefficient of chromatic dispersidntiee
optical fiber while the rate of the chip is iConsequently,
we can state that when the fiber length is incratiee
index of chromatic dispersion in the fiber is alsoreased.
The receiver section handles the despreaded sighal.
signal is sent to the photo detector and is intedrin the
output of the correlator for thd'iuser. This can be ma-
thematically expressed as [3]

RP? es o . Jp— I
Z;'ﬁ'):7"\ZZBK'J)SM‘JJ‘15‘Aﬁﬁ’-fl.l"‘[Ai(f‘-'l)"ﬁf'*ﬂ)]xl‘f'f-Jﬂc(f]df
“HH !

(4)

Here, the photodiode’s responsively is given by KR,
represents the concurrent number of useyss the noise
of the channel which as seen in the output of thiécal
correlator. R represents the optical received power given
by [5]
BPr-Pe (5)

In (5), Ris the transmitted optical power while the loss in
the optical fiber is P

The first part of the output signal described by (4

code, denoted dd while the remaining part represents the
noise occurring in the channel due to multiple ases of

pulse interval.ln the OCR with switched sequence the channel, chromatic dispersion and various soiee

inversion keying, due to chromatic dispersion o€ th
optical fiber, the output can be expressed matheaiit
as [3]

the spontaneous signal fluctuations in the receiver
This is described by the variance of the systemotéel as

<~ The mean of is given by [3]
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Symbol Significance Value
Iy

RP a Operating wavelength 1550 nm

U==2V§ (-1 PR o
Mé D)

Q Electron charge 1.6e "¢

(6) K Boltzmann constant 1.38e* W/K. Hz

The interference variance due to multiple acceissgiven . mocoer tommerators -
by [15] R Load resistance of receiver 50 @

: , Z(K _ 1) R Responsivity of each p-i-n photodiode | 0.85 Q

Il

= —v L Length of fiber 245.05 km
N
%\’ (7) PsdBm | Received optical power gain -20

The noise of the variancg(t), is a combination of thermal
noise and noise of the shot power and is given by

No=Nspt+NtH ®) l | Darkcurent f0A
The thermal noise N and the shot noise of the photo _
detector are given by [5] Ny | Thermalcument (ki
7 T\#*
N :M - lgRKP,
'm p Ny=———
: 1 9) 0 |Coefoentof chromatc dspersin 17 pskm-am

In (9) and (10), KB represents the Boltzmann cartsta
while the bandwidth of the receiver is given byrtRar,
the temperature of the receiver is and the chafgéhe
electron isq. The resistance of the receiver load is

Table 1: Simulation parameters

Figure 11, 12 & 13 below presents the system pedioice

denoted. ; :
. for BER versus received optical power (ROP) fom8 &
E—lr]w SNR and BER of the OCDMA system are given by users, 12 and 17 users & illustrates the BER perdoice
versus ROP for up to 23 users
y - We observe that BER decreases when the ORP and the
. L | ““S‘\‘TR number of users is increased.
S.‘\’R:q— BER:(—)GI‘fC(L) For instance, when we consider a>IBER, the ROP is -
U‘HVO 7 \2 14.8dBm for 19 users while for 23 users, this bezpm
(10) 14.2dBm.
107 T
| | | ! ! —+— 3users
s . .
IV.RESULT & DISCUSSION e e e
The OCDMA system performance is validated witht@ra
of 10*10° chips per second. We evaluate the OCDMA gmﬁ
system performance by looking at the BER for vasiou |
users and at the eye diagram penalty for 7 chip m- &~
sequence signature (m-signature chip used in ourz | . NN
simulations was 1110010. 105 - BN
In our simulations we have considered single mqatical Y Sy
fiber at 1550 nm wavelength, with coefficient of@matic T \
dispersion of 17ps/km-nm and a receiver load rass of ol (- Lo
50 Q. Table 1 below presents the parameters of the ™ 7 ™ . S
evaluated OCDMA system. Fig: 11 BER Vs ROP for 3/6 users
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Bit Eror Rate(BER)

I i I I
i i i i i

-8 17 16 15 -4 13 12 -1 -10 -9 -8

Optical Received Power(dBm)

Fig: 12 BER Vs ROP for 12/17 users

T T
—+— users of 3
—o—users of 6

Bit Eror Rate(BER)

20 48 16 14 12 10 8
Received optical power(dBm)

Fig: 14 Performance comparisons -SNR vs. ROP

The eye diagram for the evaluated OCDMA systentsis a
simulated in Mat lab. We used two signal levelsour
simulations: signal level 1 and signal level 0. Tog line
shows the output level of the signal level 1. Thtdm
line represents the output level of signal level 0.

When the eye is “opened” and the line is spiky, it
means a better performance of the OCDMA system. On
the other hand the eye is “distorted” when dispersi
occurs in the system. We evaluated the OCDMA
performance by looking at the eye diagram for g chie
of 10 G chip/s and a coefficient of fiber dispersiof
17ps/km-nm and different indices of chromatic dispn
v. 35

Eye diagram of index of chromatic
dispersion=0.1 and rate of chip=10Gc/s
141 coefficient of dispersion=17ps/km-nm

The output of current

5 100 150 200 250 300 350
number of samples in the chip

Fig: 15 Eye-diagram - gamma = 0.1

Eye diagram of index of chromatic dispersion
=0.2 & rate of chip=10Gchip/s &coeflicient of dispersion=17ps/km-nm

The output of current

50 100 150 200 250 300 350
number of samples in the chip

Fig: 16 Eye-diagram

Figure 17 illustrates the eye-diagram of the OCDMA
system for a fiber length of 70 km while in Figui@ the
length was set to 85 km. We observed from our
simulations that the eye-diagram is more opened for
length of 70 km than in the case of 85 km.
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Eye diagram of of index of chromatic
14 dispersion=0.05 &Chip rate=10Gchip/s
Coefficient of dispersion=17ps/km-nm
Length of fiber is 70km

The output of current

50 100 150 200 250 300 350
number of samples in the chip

Fig: 17 Eye-diagram fiber length 70 Kms

Eye diagre:nm of mde:x of chronimt\c d‘\spe:rsw’or\:O 0:5 |
¢hip rate is 10Gch/s & coefficient of d\sPersion is 17ps/km-nm
Irengths of fiberis Sﬁkm ! ! i !

The output of current

et i et SR
50 100 15 200 250 300 350
number of samples in the chip

Fig: 18 Eye-diagram fiber length 85Kms

We observed from all our simulations that the eyeore
closed for longer fiber lengths with the same inagx
chromatic dispersion. We also observed that, ireotd

maintain a better performance of the OCDMA systeen w

need also to reduce the index of the chromaticedsspn
of the optical fiber.

chromatic dispersion is reduced by sinking the poofe
the optical transmitter.
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