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Abstract

Conventional multiple access schemes do
not exploit the high bandwidth of the op-
tical fiber. Direct-sequence spread spec-
trum systems are a class of code division
multiple-access (CDMA) systems that en-
code data using high bit-rate sequences
to spread data over a much wider band-
width than is normally required for trans-
mission. Performance of CDMA systems
is investigated for laser chirping effects,
single mode fiber dispersion effect and by
assuming a Poisson shot noise model for
an APD receiver. In this paper, we de-
velop the time-domain simulation models
for the functional blocks in CDMA LANs
and evaluate the end-to-end system per-
formance using these models.

1 Introduction

In principle the use of optical fiber as a local area
network (LAN) physical medium should provide
a communication bandwidth in the range of 1-
100 THz. However, conventional medium ac-
cess protocol such as carrier sense multiple ac-
cess (CSMA/CD) and ALOHA are not optimal
for this medium. Typically, LAN traffic is char-
acterized by its bursty nature. Therefore syn-
chronous multiplexing schemes, such as time-,
frequency-, or wavelength-division multiplexing
(TDM, FDM, WDM) - where domain slots are
permanently allocated - waste resources when-
ever a user is idle.

The principle of code division multiple
access (CDMA) represents an alternative to
the schemes outlined above. In contrast to
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contention-based protocols, it permits a desti-
nation station to capture a packet rather than
the entire communications bandwidth., Indeed
it allows concurrent access to a number of net-
work users without access delay and allocates
bandwidth as and when it is -needed. CDMA
involves spreading the data to be transmitted
over a much larger bandwidth than is normally
required for transmission. By a proper choosing
the CDMA codes, the signals from all network
nodes can be made mutually noninterfering so
that simultaneous multiple access with no delay
can be achieved without the need for a complex
network protocol to coordinate the data transfer
among the communicating nodes.

2 Principles of CDMA

2.1 Basic principles

A typical CDMA system can be schematically
illustrated as in fig.1. The operation of CDMA
is as follows - each station in the network is
assigned a fixed code sequence which serves as
its address. Any station wishing to transmit
data encodes each bit "one" using the coding
sequence of its intended receiver. The encoded
data of the users is applied to a OR gate. The
output signal of the OR gate drives a 1500 nm
semiconductor laser diode. The CDMA-coded
optical signal is fed into a single mode fiber.
At the receiver, the optical CDMA signal is de-
coded using a fiber optic delay-line correlator.
The optical correlator consists of parallel fiber
optic delay lines, with lengths corresponding to
the positions of the ones of the code sequence. If
the transmitter and receiver code words match
exactly, the output of the correlator is an au-
tocorrelation peak which recognizes that the
transmitter has transmitted a "one". Otherwise
the correlator output is the cross-correlation be-
tween two orthogonal codes from the codebook.
The output of the avalanche photodiode (APD)
is fed to a threshold detector for data recovery.

2.2 Principles of Fiber Optic
CDMA

A typical FOCDMA communication system is
best represented by an information data source,
followed by a laser when the information is in
electrical signal form, and an optical encoder
that maps each bit of output information in to
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a very high rate optical sequence, that is then
coupled in to the single-mode fiber channel. At
the receiver end of the FOCDMA, the optical
pulse sequence would be compared to a stored
replica of itself (correlation process) and to a
threshold level at the comparator for the data
recovery.

Figure 1: Schematic diagram of a N - user
FOCDMA Network

Fig.1 shows FOCDMA network in a star con-
figuration. To send information from user j to
user k, the address code for receiver k is im-
pressed upon the data by the encoder at the jth
node.

2.3 CDMA: Advantages and Dis-
advantages

The features of CDMA make it attractive as
a LAN access scheme are the following:- (1)
Asynchronous transmission (2) Contention-free
concurrent channel access for a given number
of users (3) No scheduling required (4) CDMA
allows many different user types (5) It is diffi-
cult to jam or intercept a signal destined to an-
other node because of its coded nature (6) The
CDMA technique can be used in combination
with other multiple access techniques in order
to increase further the throughput of the net-
work (7) The CDMA network is highly reliable
since the failure of one station does not influ-
ence other stations (8) Noise and interference
rejection capability.

The disadvantages of CDMA are:- (1) The
method requires light sources capable of gener-
ating ultra short pulses in the picosecond or even
femtosecond ranges. (2) Present CDMA opti-
cal encoders and decoders require electronically-
controlled optical switches and fiber delay lines,
resulting in rather bulky devices. (3) The sig-
nal power is distributed over N receivers, which
means that only 1/N of the power is effectively
used in signal reconstruction process, while the
rest of the signal power only adds up to noise at

other receivers.

2.4 Optical Orthogonal Codes

CDMA systems are dependent on codes that are
orthogonal to one another, at least within the
set of codes employed in a network. An opti-
cal orthogonal code (OOC) is a family of (0,l)
sequences with good auto correlation and cross
correlation properties, i.e., the auto correlation
of each sequence exhibits the classic "thumb-
tack" shape and the cross correlation between
any two sequences remains low throughout. The
thumbtack shape of the auto correlation facil-
itates the detection of the desired signal and
the low cross correlation reduces the interfer-
ence from unwanted signals in the network.

2.4.1 Required Properties of Code

An (n, w,A,,, A,) optical orthogonal code C is a
family of (0,l) sequences of length n and weight
w which satisfy the following two properties.

e. The Autocorrelation property :
Y^tZo xt ~t+~ 5 A~ for any x E c
and any integer r, (0 < r< n) i.e. each
sequence should easily be distinguished
from a shifted version of itself.

The Cross-Correlation
T V x 5 A, for any x

property :
y E C and

any integer r .i.e. Each sequence should
easily be distinguished from (a possibly
shifted version of ) every other sequence in
the set.

Since each sequence x has weight w, the auto
correlation equals w when R = 0. The numbers
A, and A, are called the auto correlation and
the cross correlation constraints. The (0,l) se-
quences of an optical orthogonal code are called
its codewords.

Modeling a CDMA Network :In our simu-
lation the system comprises of the follow-
ing signal processing blocks-Data source,
Electrically programmable encoder, Laser,
Optical encoder and decoder, Single mode
fiber and Receiver.

Data Source :The parameters which were
taken specially for considerations’ while the
simulation of data source is the data rate
and the line coding scheme. We have taken
the standard data rate used for modern
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communication system. In this presenta-
tion the coding scheme used is the- NRZ
scheme.

Encoder : The encoding depends on the code
used. The basic operation of encoder in-
volves the imparting of' the signature se-
quence on the input data which is specifi-
cally related to the codes used at the time of
evaluation. The encoded data can be gener-
ated both electronically and optically. We
considered both cases. Electronic encoders
can be implemented very easily as a finite
state machine.

2.5 Simulation of Laser

The direct current modulation of single-
longitudinal mode semiconductor lasers causes a
dynamic shift of the peak emission wavelength.
The magnitude of the chirping induced perfor-
mance degradation increases with the transmis-
sion bit rate and can ultimately limit achievable
system performance.

The injected laser current which is given by
I(t) = &as + C;:?,A~ *Ip(t- U) where
Ibias is the bias current, the sequence Ak denotes
the independently distributed data values, T is
the signaling rate and Ip(t)is the applied current
pulse. If binary one ( zero ) is transmitted dur-
ing the kth time interval Ak =l(O,respectively).
The optical power and the chirping response of
the semiconductor laser to the current waveform
{(t) is determined by means of the large signal
rate equations, which describe the interrelation-
ship of the photon density , carrier density , and
optical phase within the laser cavity.

dN(t)
dt

N{t)
eV

S(t)

(1)

) - - 1 (3)

where N(t) - electron density, S(t) - photon den-
sity, go - differential gain, No - carrier density for
transparency, T,, rp - electron & photon lifetime
respectively, I(t) - input current, V - voliime of

active layer, e - electron charge, (p - the opti-
cal phase, r - the mode confinement factor, 0 -
is the fraction of spontaneous emission coupled
in the lasing mode, a! - linewidth enhancement
factor and 6 - the gain compression factor. The
time variation for the optical power and laser
chirp are given by

poiuer(t) =
0.5p(t)V rjohv

Av —
2TT dt

(4)

(5)

respectively where hu is the photon energy at
the frequency v and 770 is the differential quan-
tum efficiency.

2.6 Optical
coders

Encoders and De-

We have considered an optical fiber delay line
encoder/decoder which is suitable for generat-
ing the Optical Orthogonal codes (OOCs). The
impulse response function of a given encoder is
given by

1,
n

- iTc) (6)

where the sequence {ai,i=O,l,....,n-1} is the op-
tical orthogonal codeword of length n (number
of chips per bit) corresponding to that user and
T, is the chip duration. The (l/n)factor is be-
cause the input Optical power is equally split in
to n (code length ) number of delay lines.

At the receiver side we have assumed a fiber-
optic, delay-line, (incoherent) correlation type,
matched filter which correlates the channel sig-
nal with the receiver's codeword. Its impulse re-
sponse is of the form, hdec(t) = E~~~bib(t — iT,)
where {bi = O,l, ...., n-1} is the receiver's corre-
lating sequence, which is a replica of the trans-
mitted codeword.

(2)

2.7 Simulation
Fiber

of the Optical

In our present model we are considering single
mode fiber channel. In single mode fiber only
chromatic dispersion is present. No intermodal
dispersion is there.

The fiber transfer function is given by F(w) =
C™ S(\)L(\)e-iwlTWd\ where S(X) is source
spectrum, L(A) is fiber attenuation factor and
T(X)is group delay per unit length.
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If o represents the corresponding fiber im-
pulse response rms pulse width then

2
F"(0)

F(0) (7)

If the source spectrum is very narrow about
A,,then

F(w) = L(A,)e-jW'*(Xs) (8)

A special case results when loss is wavelength
independent and there is no intermodal disper-
sion. Then u2 =

where as is the rms source spectral width, T1 =
S(X-Xo) Tl l - - S ( $ 2 X o ) ;

A2 ' A3 '

2.8 Simulation of the Receiver

The detector we used is Avalanche photodiode.
In an APD, Collision ionization produces sec-
ondary charge carriers in addition to the pri-
mary charge carrier. This result in an output
current impulse with the area proportional to
the total number of secondary charge carriers
plus the primary carrier. In the actual APD, the
arrival of photons is a Poisson process, which
means that for small enough time intervals ,
each interval will contain either one photon or
no photons. A major source of noise in an APD
is due to quantum nature of light.

The average number of photons arriving at
the photodetector with in At second is given by

n - --P(t)At ndAt (9)

where P(t) is the incident optical power, h
is Planck's constant, U is optical frequency and
nd is the number of charge carriers generated
per second with no incident optical power and
is proportional to the dark current.

The APD output current is given by

At
(10)

where q is electronic charge and ne is the total
number of primary and secondary charge carri-
ers as a result of avalanche gain.

The average no.of primary charge carriers,n,ferentp
,is related to ne by the WMC pdf.

The WMC pdf is given by

1

f)1 :exp

for —.

where x = (ne — n,G)/o , S = ^ ^ ,
a2 = n,G2Fe , Fe = kG + (2 - l/G)(l - k)(the
excess noise factor), G is the average avalanche
gain and k is the ratio of ionization coefficients
(ionization ratio).

The parameters of the APD model are the
avalanche gain, GI the ionization ratio, k, the
quantum efficiency, 17, and the dark current
The input and output signals are optical power
and output current respectively.

We are using the APD model based on the
acceptance-rejection method to generate ran-
dom deviates from WMC pdf.

The bounding function for the WMC pdf is

b(x) = Co

[(x-xm)/a0]
2 (12)

(.11)

3 Results

First we present the results of individual com-
ponents. In the next section the performance
results of CDMA network is presented. Finally
the performance results of FO CDMA network is
presented.

3.1 Performance results of CDMA
Network

We had taken 3-user network system for the per-
formance evaluation, ,i.e., three users can com-
municate at the same timc. Let us consider
user2 is transmitting data 1110 to userl, user3
is transmitting the data 0110 to, user2 and userl
is transmitting the data 1001 to user3. For this
the graphical display of the signal evolution at
different points on the network is as shown in
the following graphs.

With an optical encoder, assuming each user
is receiving bit one from any other user. The
graphical display of the signal evolution qt dif-
ferent points is as shown in Fig.3(j)-(r).

4 Summary and Conclu-
sions

We have demonstrated an approach for the per-
formance evaluation of CDMA fiber optic LANs.
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Figure 2: (a)Laser output, (b)Chirping of laser
in Hz, (c)Laser output for various values of r,
(d)Impulse response of fiber, (e)APD output for
constant pulse, (f)Encoded data for code(0,2,8),
(g)Autocorrelation function for code(0,2,8), (h)
Cross-correlation between (0,1,5) and (0,3,10)
and (i) Autocorrelation function for code with
n=63, w=9 and 1=2.

Time domain models for the optical sources,
encoders (electrical and optical), single mode
fibers, decoders and APD detectors have been
discussed. These models have been used to
evaluate the end to end performance of CDMA
LANs and the simulation results are in good
agreement with experimental results, the effect
of laser chirping, fiber dispersion and APD noise
on fiber optic code division multiple access net-
works is investigated.
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Figure 3: (a)Encoded message for Rx #1(0,1,5),
(b)Encoded message for Rx #2(0,2,8), (c)Encoded
message for Rx #3(0,3,10), (d)Output of OR
gate, (e)Laser output, (f)Fiber output after
hardlimiting, (g),(h)and(i) Decoder outputs at
Rx #1,#2,#3 respectively.(j)Optically encoded
data for code(0,1,5), (k)Optically encoded data
for code(0,2,8), (1)Optically encoded data for
code(0,3,10), (m)Compound input signal to the
fiber, (n)output of fiber before hardlimiting,
(o)output of fiber after hardlimiting, (p),(q)and(r)
Decoder outputs at Receivers #1 ,#2,#3 respec-
tively.
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