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Summary

In the present paper, high channel arrayed waveguide grating
(AWG) in wavelength division multiplexing passive optical
networks (WDM-PONSs) are deeply studied over wide range of
affecting parameters. Two multiplexing methods are applied,
Space Division Multiplexing (SDM) and Wavelength Division
Multiplexing (WDM), where 20-40 channels are processed to
handle the product of bit rate for planar waveguide cables of
multi-links  (4-12 links/core) wusing Soliton transmission
technique.
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1. Introduction

The wavelength-division multiplexed passive optical
network (WDM-PON) is emerging as a promising
broadband access technique that will meet the ever-
increasing bandwidth requirement for the end users [1, 2].
Recently, peer-to peer Internet applications, such as
sharing of data or video among peers, as well as virtual
private connections among branch sites in the enterprise
arena, are getting more popular. Therefore, it is anticipated
that the amount of traffic among the subscribers in a
passive optical network (PON) will get [3].

Significantly large. Nevertheless, conventional WDM-
PON architectures only support both the downstream and
the upstream transmission with a dedicated set of
wavelength channels for communications between the
optical line terminal (OLT) and each optical network unit
(ONU). The ONUs cannot directly communicate with
each other [4]. The inter-ONU traffic must first be
transmitted, via the upstream carrier, back to the OLT,
where it is electronically routed and modulated on the
respective downstream carriers that are destined to other
ONUs. Therefore, it is desirable to provide direct
connections for internetworking of ONUs in WDM-PON5s
[5]. Wavelength division multiplexing (WDM) is currently
deployed in  high-capacity, long-haul fiber-optic
transmission systems to support multiple high-speed
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channels. WDM takes advantage of the enormous
bandwidth offered by optical fiber while allowing
individual wavelength channels to be utilized at bit rates
suited to low-cost electronic components [6, 7]. Such
devices comprise a small number of components,
including the multiplexer/demultiplexer (MUX/DEMUX),
various switches and other functional devices. The arrayed
waveguide grating (AWG) has become increasingly
important in these types of channel-selective routing
devices for WDM signals [8].

In the present study, we have theoretically and
parametrically investigated the basic Soliton transmission
technique to transmit 20-40 channels of multi links (4-12
links/core) based on two multiplexing methods namely
space division multiplexing (SDM) and wavelength
division multiplexing (WDM) in the interval of 1.45 pm to
1.65 pum for high channel AWG employed in WDM-PONS.

From this section, input the body of your manuscript
according to the constitution that you had. For detailed
information for authors, please refer to [1].

2. Simplified Network Architecture Model

The network architecture is shown in Fig. 1. It is based on
two cascaded LiNbO3 arrayed waveguide gratings
(AWGs). The first stage is an NXN AWG located at the
optical line terminal (OLT) or outdoor. The functionality
of this AWG is to route optical signals generated by the
OLT vertical cavity laser stack to each of the network
branches to which the OLT will serve. The second stage is
a 1xM AWG located at the remote node. Its task is to
demultiplex the M incoming wavelengths to each of the
output ports, which connect to the optical network units
(ONUs) or optical network channels. The entire network
routing intelligence is located at the OLT in order to
provide easy upgradeability and easy integration with the
backbone. The two cascade AWGs are connected to each
other by the single mode optical fiber links. The Soliton
bit rate either per single optical fiber link or per optical
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network units or channels (ONCs) are depicted in the

series of the figs. (4-11).
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NxN
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— ]
m— Single mode fiber link ONCs
AWG 1xM
Fig. 1. Simplified network architecture model.
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3. Paragraphs and Itemizations

The investigation of both the thermal and spectral
variations of the waveguide refractive index (n) require
Sellmeier equation under the form [9]:

A+ AF A, + AF
+
2 -(A+AFP 2 -A

where A is the optical wavelength in pm and F=T?-T72. T

n? = A +AF+ —Ap2 (1)

is the temperature of the material, K, and T, is the
reference temperature and is considered as 300 K. The set
of parameters of Sellmeier equation coefficients, LiNbOs;,
are [9]:
A=5.35583, A,=4.629 x 107, A3=0.100473,
A=3.862 x 10°%, A=0.20692, A~ -0.89 x 107,
A7=100, Ag=2.657 x 10°, As=11.34927, and
A15=0.01533.
Equation (1) can be simplified as the following
expression:

rI2 :A12 + A34 + A78 7A1012 (2)

PR R

A7g:A7+Ag F.
Then the second differentiation w. r. t A yields:

a2 - )42 a2 - m)-a2]
+ - +A0(3)
- aiJ (-
The total B.W is based on the total chromatic dispersion
coefficient D, where:
D, =Dy + Dy “)
D, : is the material dispersion coefficient in sec/m?, and
D,, : is the waveguide dispersion coefficient in sec/m’.
Both D,,,, Dy, are given by (for the fundamental mode):

d’n _ 1

d2? n

A(d>n 2
D,=-—| —|, sec/m 5
m C[d}?] )
Ncladding An 2
D, =—| —3 |y , sec/m 6
- R 20 ©)

C: is the velocity of the light, 3 x10® m/sec,n : is the

core refractive-index, Y: is a function of wavelength, A
[10], the relative refractive-index difference An is given

by: An = n- rIcr!ladding (7)
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Soliton propagation as a real technique attracted the

attention for long distance optical communication systems 10
of high capacity [11]. Based on the model of [12], the I
condition to obtain sustained soliton is given by: ——An=15
—20
Py Tgs=o.597[%j(%j(ﬂJ D , watt.psec® (8) =3
' m —W— =45 S

A: is the operating optical wavelength, um, Py is the
average power, watt, A: is the effective area, umz, |Dt| T
the total chromatic dispersion coefficient, sec/m?, Tos : 1S
the initial pulse width, psec, and n, is the nonlinear
refractive-index coefficient and is estimated on the same
bases of Ref. [13] as:

n, =25¢, [n (n2 - 1)]N0 , m*/V? )
For lithium niobate (LiNbOs;) material, N, is taken as
2.7994 x 107", Taking into account that the pulse width at
distance equals 10 1,5, then the soliton transmission bit rate
per channel is given by the following relation:

L _9%1  Gbit/sec/channel (10)

LiNbOs AA=0.1 nm
T=320K P2 mWatt

Soliton bit rate/channel B, [Gbit/sec]

Brschannel =
os Tos
Then we can get the soliton transmission bit rate per link is 2
. 145 1475 15 1525 155 1575 16 1625 165
given by:
Bryiny = Niink | Gbit/sec/link (11)

s Optical wavelength, A [um]

Niink : i the total number of links in the core of the

waveguide, and Ncpame :© is the total number of channels Fig. 5. Varlqtlons of soliton bit rate/channel, B, against variations
per link of optical wavelength at the assumed set of parameters.
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Fig. 4. Variations of soliton bit rate/channel, B, against variations of
optical wavelength at the assumed set of parameters. Fig. 6. Variations of soliton bit rate/channel, B, against variations
of optical wavelength at the assumed set of parameters.
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Fig.7. Variations of soliton bit rate/channel, B,, against variations
of optical wavelength at the assumed set of parameters.
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Fig. 8. Variations of soliton bit rate/link against variations of SDM
number of links at the assumed set of parameters.
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Fig. 9. Variations of soliton bit rate/link against variations of SDM
number of links at the assumed set of parameters.
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Fig. 10. Variations of soliton bit rate/link against variations of SDM
number of links at the assumed set of parameters.
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Fig. 11. Variations of soliton bit rate/link against variations of SDM
number of links at the assumed set of parameters.

4, Results and General Discussions

In the present study, we investigate the basic Soliton
transmission technique to transmit 20-40 channels based
on wavelength division multiplexed (WDM), in the
interval of 1.45 up to 1.65 pm wavelengths. For the reality
from the points of view of the spectral dependences of the
different fiber characteristics [14], we employ also the
space division multiplexing (SDM) where 20-40 channels
are divided into subgroups each subgroup has its own
spectral characteristics as in Fig. 2. With Ni= {4, 5,
6,7, 12 } Links.

Figure (3) shows the wavelength map in the interval of
1.45 pm-1.65 pm. 8A¢ , channel spacing = AA/N, pum

where: Al =AA/N| =Link spacing (12)
84 =AA/(Ngy * N )= A% /Ny (13)
|oF| = 62/ Zaye *C (14)
|af| = {ML /Nep *zgve}*c (15)

where: C=3x10% m/sec , N, = Number of channels/link,
Ny = Total number of links/core, N = Total number of
channels = 20 or 40 channels. Where An= An;— An; = 4.5
—1.5=3.0,and AA=X—2%;=1.65-1.45=0.20 um.

A (initial )/ link =1.45 + (35 - 1)64, (16)
withJS={1,2,3 ..., NL}-
where the suffix “f” denotes the final value and
denotes the initial value, A, is the average wavelength
over the link of order JS, JS is the order of the link where
1 <JS <N, N is the total number of links, A is the
initial wavelength at the link JS, and Ay is the final
wavelength at the link JS. Due to the nonlinear limitations
[15], so that the signal power Py, must satisfies the
inequality: i.e. ,

Py df <500/ N,

1334
1

watt. GHz 17)

Also, the optical wavelength span 1.45 <A, um < 1.65 is
divided into intervals equal
Ay =02/N_, um/Link. (18)

The average optical wavelength A, over a link of order JS

is:

Aave = 0.5A29(3S +1) (19)

At the set of controlling parameters in Figs. (4—11):

1.45 <, optical wavelength, um < 1.65, N, total number

of channels= 20 or 40 channels, 4 < N;, number of links <

12, 1.5 < An, relative refractive index difference < 4.5,

4 <N, number of links < 12, 300 K < Temperature, T <

320 K, 2 mWatt < P, signal power <20 mWatt, and AL =

0.1 nm.

Variations of both Soliton bit rate/channel, and Soliton bit

rate/link against variations of the affecting parameters are

displayed in Figs. (4-11):

(1) The increased optical wavelength (A) yielding higher
bit rates, but as the temperature increases, this results
in decreasing bit rates at the same signal power.

(2) The increased optical wavelength (L) yielding higher
bit rates, but as signal power increases this results in
increasing bit rates at the same temperature.

(3) The increased SDM number of links yielding
increased in Soliton bit rates/link for minimum
number of channels and increased signal power.

(4) Soliton bit rate/channel is increased for minimum
number of channels, decreased temperature and
increased signal power.
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5. Conclusions

1.1 In a summary, we have presented the
investigation of the basic Soliton transmission technique
to transmit 20-40 channels based on wavelength division
multiplexed (WDM), in the interval of 1.45 up to 1.65 pm
wavelengths. Two multiplexing methods are applied,
Space Division Multiplexing (SDM) and Wavelength
Division Multiplexing (WDM), where 20-40 channels are
processed to handle the bit rate either per channel or per
link for planar arrayed waveguide cables of multi-links (4-
12 links/core). The increased optical signal wavelength,
the higher bit rates either per link or per channel at the
decreased temperature and increased signal power.
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