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Abstract: In the present paper, we have been modeled numerically and parametrically the high and best performance
functions of optical add drop multiplexers (OADMs) for ultra wide wavelength division multiplexing technique with
ultra wide space division multiplexing technique in advanced optical communication networks and photonic networking
over the assumed set of parameters. Moreover, we have analyzed and investigated the maximum time division
multiplexing (MTDM) and soliton transmission techniques to be processed to handle bit rate either per link or per
channel for cables of multi-links (20-120 links/core). Where maximum number of transmitted channels in the range of
1000-4800 channels are processed to handle the product of bit rate either per channel or per link for cables of multi-
links of silica cable core fabrication material. The MTDM or soliton transmission bit rates either per link or per
channel are also treated over wide range of the affecting parameters under the ambient temperature variations. Also,
the performance characteristics of the OADMs are taken as the major interest in optical networks to handle maximum
transmission bit rates for the supported subscribers.

Keywords: Optical add drop multiplexers, Advanced optical communication networks, Ultra-wide wavelength division
multiplexing (UW-WDM), Ultra-wide space division multiplexing (UW-SDM).

1. INTRODUCTION improved compared to the demultiplexing OADM.
The crosstalk component at the OADM output port
originates from their poor suppression of the drop
channel (assumed wavelength reuse), which leads to
interferometric crosstalk [4]. At the drop port,
crosstalk comes from low suppression of the other

channels. Similar to the optical terminal multiplexer

the optical channels can be supported by the  ypy\p o OADMSs can be divided into a single
OADMs. Wavelength reuse means that the dropped port with static wavelength assignment, a single port

channel does not pass through to the next OADMs with dynamic wavelength assignment and a multi

[1]. Instead a new channel of the same wavelength port with static and dynamic wavelength assignment.

can be added. Drop and continue means that the . . . . .
. The single port with static wavelength assignment is
channel is both dropped at the node but also allowed . .
mainly used in hubbed structures, where the

to pass through to the next OADMs [2]. Depending OADMs are connected to a central hub, e.g. in the
on, which network the OADMs should be used in, . .
metropolitan network. In order to utilize network

dlffergslt rzquléements daée .]S:’lt.’t bzt)szc}i)lvc[)n cots)t, resources in a more efficient way, the OADMs with
caple.lm(il, redundancy aI}[ hex11 . 3 FS can be dynamic wavelength assignment are preferred when
reatised I - various - fechnologies [3]. YoM & traffic variations are comparable to network capacity
transmission point of view OADMSs can be classified [5]. The multi port OADMs can be utilized when the
into notching and demultiplexing. The DMUX based net'work is characterized by a uniform traffic

solution separates all the. incoming Wz.welengths gnd distribution and high capacity. The optical add-drop
then combines them again after dropping and adding multiplexer is one of the key components for dense

waveiengtﬁs. ;the) r:lOtCh gypg: only tshep arziteilstthe wavelength  division  multiplexing (DWDM)
wavelength(s) to be dropped. Because the notch type networks. The optical add/drop multiplexer

doesn’t affect bypassed channels, the cascaded (OADM) is a key component for wavelength
passband and crosstalk performance can be division multiplexing (WDM) systems. Many types

The introduction of optical add drop multiplexers
into optical networks allows traffic to be inserted,
removed and, most importantly, bypassed.
Additionally, functions such as protection,
drop/continue, loop-back and wavelength reuse of
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of OADMs have been demonstrated based on
different optical devices. These devices include
arrayed-waveguide gratings (AWG) [6], Mach-
Zehnder interferometers (MZI) with fiber Bragg
gratings (FBG), and optical circulators with FBGs.
Although AWGs have better potential for integration
and appear to be more robust and tolerant to
fabrication processes, they offer much less flexibility
than FBGs as regards the shaping of their spectral
response, and therefore can lead to worst
performances when used as optical filters in some
WDM systems [7]. OADM consists of three main
subsystem, a wavelength selective demultiplexer, a
switching subsystem and a wavelength multiplexer.
Each OADM is expected to handle at least two
distinct wavelength channels each with a coarse
granularity of 2.5 Gbit/sec or higher (signals with
finer granularities are handled by logical switch
node such as SDH/SONET digital cross connects or
ATM switches). There are eight ports for add and
drop functions, which are controlled by four lines of
optical switches The functions of OADM include
node termination, drop and add, routing,
multiplexing, providing mechanism of restoration
for point-to point, ring and mesh metropolitan and
also customer access network in fiber to the home
(FTTH). By setting up the optical switch
configuration, the device can be programmed to
function as other optical devices such as multiplexer,
demultiplexer, coupler, wavelength converter (with
fiber grating filter configuration), OADM,
wavelength round about and etc for a single
application. The enormous grow in the demand of
bandwidth is pushing the utilization of fiber
infrastructures to their limits [8]. To fulfill this
requirement the constant technology evolution is
substituting the actual single wavelength systems
connected in a point-to-point topology by UW-
WDM) systems, creating the foundations for the
optical transport network (OTN). OADMs are the
simplest elements to introduce wavelength
management capabilities by enabling the selective
add and drop of optical channels. UW-WDM optical
access network with OADM may provide a high
reliable, low cost effective and scalable optical
access network, since the OADM is based on low-
loss, low-cost passive optical devices and does not
need any power supply [9]. In the present work, we
have presented and developed the OADMs to be
used in ultra wide wavelength division multiplexing
with ultra wide space division multiplexing in
advanced optical communication networks, which
are capable of dealing with thousand to multi several
thousand channels arbitrarily selected. The OADMs
are used for selectively dropping and inserting
optical signals into a transparent UW-WDM optical
communication networks. The OADMs into optical

communication networks allow traffic to be inserted,
removed and, most importantly, bypassed.
Additionally, functions such as protection,
drop/continue, loop-back and wavelength reuse of
the optical channels can be supported by the
OADMs. The investigation of propagation technique
is processed to handle both bit rates either per link or
per channel and maximum number of transmitted
channels in the range of 1000-4800 for cables of
multi-links (20-120 links/core). OADMs allow
customers to optimize the use of existing fiber by
adding or dropping channels on a per-site basis,
thereby maximizing fiber bandwidth.

2. SCHEMATIC FUNCTION VIEW OF
OPTICAL ADD DROP MULTIPLEXER
(OADM)

Any subscriber loop architecture for wideband
applications should have certain desirable properties.
The access equipments in subscriber premises
should be low cost and easy to maintain. The high
cost equipments should be in central office. This
reduces the cost per subscriber for the network. The
network should provide large bandwidth to the
subscribers. Further, as all subscribers will not
initially subscribe to high bandwidth services, the
architecture should be able to provide Ilow
bandwidth services at much cheaper price. Later
when the subscriber would like to upgrade to a high
bandwidth service, the service provider should be
able to do so at a small additional cost.

Optical add drop multiplexer can be made using
acoustic-optic or interferometric effect. In an add
drop multiplexer there are three ports: input port,
add-drop port, and output port. Assuming that there
are Ai.... A1, Ay wavelength at the input and A; is
dropped, then at add-drop port A; is diverted. At the
output port all the other wavelengths (A;.... AL
1Ait1. .. An1hn) Will be as in Fig. 1. When wavelength
A; is added then at the input port A; should not be
there (i.e., input has Ai.... AijAi... Apihy). At the
output port all the wavelengths (A...A, A,) Will be
as in Fig. 2.

Optical Add Drop Multiplexer

Ay ) ( )3
l N . _ . .l'\l f.lbLf.i_'_l .’.N
Y J

Fig. 1 — Drop function in OADM
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Optical Add Drop Multiplexer
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| "1™l *N \ J /Ay hy

Fig. 2 — Add function in OADM

3. BASIC MODEL AND EQUATIONS
ANALYSIS

We investigate the basic MTDM transmission
technique to transmit 1000-4800 channels based on
ultra wide wavelength division multiplexing (UW-
WDM), in the interval of 1.45 up to 1.65 pum
wavelengths. For the reality from the points of view
of the spectral dependences of the different fiber

-~

characteristics [10], we employ also the ultra wide
space division multiplexing (UW-SDM) where
1000-4800 channels are divided into subgroups each
subgroup has its own spectral characteristics as in
Fig. 3. With total number of links, Ny = {20, 21,

22,.... 50, 51, 52, 90, 91,

02, e, 120} Links. With JS={1, 2, 3,

4,5, e N

where: A4 = A4/ N =Link spacing )
S4s = AA/(Ng, . N )= A2 / Ng, ()
|oF| =04/ Zape - C (3)
|Af| = {ML/Nch e }.c 4)

where: speed of light in the optical fiber cable
medium, C=3x10® m/sec, Ny = Number of
channels/optical link, Ny = Total number of optical
links/fiber cable core, and AL = As— A; = 1.65 — 1.45
=0.2 pm.

A (initial )/ link =1.45+(JS 1) 54, (35)
where the suffix “f” denotes the final value and “1”
denotes the initial value, A,. is the average

-
= e e
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-
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Ne=230 <
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= e e
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Fig. 3 — Optical link map through fiber cable core
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wavelength over the link of order JS, JS is the order
of the link where 1 <JS <N, Ny is the total number
of links, A is the initial wavelength at the link JS,
and A is the final wavelength at the link JS. Due to
the nonlinear limitations [11], so that the signal
power P, must satisfies the inequality: i.e.,

P, o <500/NJ watt. GHz (6)

Also, the optical signal wavelength span 1.45 <A,
pm < 1.65 is divided into intervals equal to:
Ady =02/N_, um/Link. @)
The average optical signal wavelength A,,. over a
link of order JS can be estimated by:

Aave = 0.5A20(IS +1) , (8)

A. SILICA CABLE CORE MATERIAL

The refractive-index of the fabrication material of

fiber cable core is given by the following [12]:
BA> By BsA ©)
A2-B} #-BI 1-B?

The parameters of Sellmeier equation coefficients
for silica cable core material as a function of
temperature as follows: B;= 10.6684293, B,=
0.030156485 . (T/Ty)?, Bs=3.043224218 x 107, B,=
1.1134751235 . (T/T,)’, Bs= 1.54133408, B¢= 1.104
x 10°. Where T is the temperature of the material,
°C, and T, is the reference room temperature and is
considered as 25 °C. The first differentiation of Eq.
(9) w. r. t A yields:

2 2 2
dn_ 1| B4 By A Bs A (10)

— == + + ,
i n (/12—822)2 (12—53)2 (12—562)2
Then the second and third differentiation of Eq.
(9) w. r. t A yields:

n? =1+

B2 -B2) 422 LB (2 -B2) a2
d_znzl (}”2_822)3 (’12_82)3 , (11)
da* n +BS!/12—B§ |42
(12—562)3
(12 8, 12(/13+812/1)+12 B3AZ(Z3+B321)
an 1] (2-83) (2 -82) (12)
di n| 128 2 +B22 ’
(/12—862)4

B. MTDM TRANSMISSION BIT RATE
MODEL ANALYSIS

The maximum transmission bit rates are
determined by numerous factors, including the
signal modulation rate, the transmission bandwidth
through the transmission media, and the response
time of the optoelectronic devices. The total
chromatic dispersion in single mode fiber that limits
the transmission bit rates in system based UW-
WDM advanced optical communication network can
be calculated as [13]:

(13)

Where M,,4 is the material dispersion coefficient
in nsec/nm.km, Myy is the waveguide dispersion
coefficient in nsec/nm.km. The material dispersion
coefficient is given as follows:

2 3 2
_Asd’n Ao dTn ding (14)
2c| d? d?

The waveguide dispersion coefficient is given by:

de=—nz[A”jF(v), (15)

CAq

Where n; is the refractive-index of the cladding
material, An is the relative refractive-index
difference, A; is the optical signal wavelength, F (V)
is a function of V number or normalized frequency.
Based on the work [13], function F (V) is a function
of V as:

F(V)=1.38V -6.98V2+13.45V> —4.84v*-1.48V° | (16)

The total pulse broadening, At, due to the effect
of total chromatic dispersion is given as follows:
At =D;.AA.L, (17)

Where AA is the spectral linewidth of the used
optical source in nm, and L is the fiber cable length
in km. The MTDM bit rate per channel for silica
core cable material is given as follows [14]:

1 0.25

By, =——= , Gbit /sec/ channel 18
M 4Ar AT ( )

Then the MTDM bit rate per link for silica core
cable material is given by:
0.25%N link

AT

Dy :—(Mmd +de), nsec/ nm.km

nsec

Bym = , Gbit /sec/ link (19)

C. SOLITON TRANSMISSION BIT RATE
MODEL ANALYSIS

The term soliton has recently been coined to
describe a pulse-like non-linear wave having
unchanged shape and speed. The balance between
the non-linearity effects from one side and the
dispersion effects from the other side creates a
solitary wave. The dispersion of a medium (in the
absence of non-linearity) makes the various
frequency components propagate at different
velocities; while the non-linearity (in the absence of
dispersion) causes the pulse energy to be continually
injected, via harmonic generation, into higher
frequency modes. The main types of soliton are the
bright (light) soliton and the dark soliton
(represented by absent pulse in alight wave). The
total bandwidth is based on the total chromatic
dispersion coefficient D, where:

Dt: Dm + DW (20)

Both D,, and D,, are given by (for the
fundamental mode):

2
Dpm = —i[ﬂJ , Nsec/nmkm

21)

cld?
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Dy, = _[M] [ﬂjY , Nsec/nmkm (22)

cn A

Where ¢ is the velocity of the light, 3 x 10°
m/sec, n is the refractive-index of the fiber cable
core, Y is a function of wavelength, the relative
refractive-index difference An is given by:

An = n- ncladding i
n

In any infinitesimal segment of fiber, dispersion
on one hand and non linearity of the refractive-index
on the other hand produce infinitesimal modulation
angles which exactly compensate reciprocally.
Under such conditions the pulse shape is the same

(23)

everywhere. All this provided that a soliton
waveform be used with a peak power [15]:
AZD A
= 2t (24)
4r-c nz tO

Where n, is the nonlinear Kerr coefficient, 2.6 x
102 m*/Watt, A\ is the spectral line width of the
optical source in nm, P; is the peak power in watt,
A 1s the effective area of the cable core fiber in
um?, D, is the total chromatic dispersion coefficient
in nsec/nm.km. Then the pulse intensity width in
nsec is given by:

AZDy At
ty = — > nsec
47[ Plnzc

e=fy===400 channels added
= = = 200 channels added
1000 channels

(25)
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22

MTDM bit rate/channel, B, Gbit/sec

Adding multiplexing
technique at 25 °C
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Number of links in the fiber cable core, N,

Fig. 4 — Variations of MTDM bit rate/channel with
number of links in fiber cable core at assumed set of
parameters
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Fig. 5 — Variations of MTDM bit rate/channel with
number of links in fiber cable core at assumed set of
parameters

—p— 400 channels added
= = = =200 channels added
1000 channels

\

MTDM bit rate/channel, B, Gbit/sec

3 I

Adding multiplexing
technique at 25 °C

2
20 40 60 80 100 120

Number of links in the fiber cable core, N

Fig. 6 — Variations of MTDM bit rate/link with
number of links in fiber cable core at assumed set of
parameters
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Fig. 7 — Variations of MTDM bit rate/link with
number of links in fiber cable core at assumed set of
parameters
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Fig. 8 — Variations of MTDM bit rate/channel with
number of links in fiber cable core at assumed set of
parameters
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Fig. 10 — Variations of MTDM bit rate/link with
number of links in fiber cable core at assumed set of
parameters
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Fig. 11 — Variations of MTDM bit rate/link with
number of links in fiber cable core at assumed set of
parameters
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Fig. 12 — Variations of MTDM bit rate/channel with
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parameters
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Fig. 13 — Variations of MTDM bit rate/channel with
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Fig. 15 — Variations of MTDM bit rate/link with
number of links in fiber cable core at assumed set of
parameters
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parameters
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number of links in fiber cable core at assumed set of
parameters
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parameters
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parameters
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Fig. 23 — Variations of soliton bit rate/link with
number of links in fiber cable core at assumed set of
parameters
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Fig. 27 — Variations of soliton bit rate/link with
number of links in fiber cable core at assumed set of
parameters

Then the Soliton transmission bit rate per optical
network channel or unit is given as follows:
101
10 1t
Then the Soliton transmission bit rate per link is:
0.1 Nyink ’ 27)

rsc , Gbit/sec/channel (26)

Bg = Gbit /sec/ link

0

4. RESULTS AND DISCUSSIONS

We have investigated optical add drop
multiplexers with different multiplexing techniques
in advanced optical communication and photonic
networks for upgrading the facility of add or drop
optical channels along the optical networks in the
interval of 1.45 um to 1.65 pum under the set of
affecting and controlling parameters at temperature
range varies from 25 °C to 45 °C. The following set
of the numerical data of our simulation system
model design are employed to obtain different
propagation or transmission bit rates either per link
or per channel in the case of add or drop optical
channels as follows: 1.45 < A, optical signal
wavelength, um < 1.65, 2 < Py, optical signal power,
mwatt < 20, refractive-index of the cladding
material, n,=1.445, Ni: total number of links up to
120 links, spectral linewidth of the optical source,
A= 85 um2 , AL =0.1 nm, relative refractive-index
difference, An =0.007, N: total number of channels
up to 4800 channels, L is the fiber cable core

length=10 km.

Based on the set of Figs (4-27), the following
features are assured to present the importance role of
OADMs in advanced optical communication
networks within MTDM and soliton transmission
techniques, UW-WDM, and UW-SDM multiplexing
techniques as the following:

1) Figs. (4-7) have indicated that as the number of
links in the fiber cable core increases, the MTDM
bit rate either per link or per channel increase at
the same number of transmitted, added or
dropped channels. But as the number of added
channels increase, the MTDM bit rate either per
link or per channel decreases at the same number
of links in the fiber cable core. Moreover, we can
conclude that as the number of dropped channels
increase, the MTDM transmission technique
either per link or per channel increase at the same
number of links in the fiber cable core at the
constant value of room temperature.

2) Figs. (8-11) have demonstrated that as the
number of links in the fiber cable core increases,
the MTDM bit rate either per link or per channel
increase at the same number of transmitted,
added or dropped channels. But as the number of
added channels increase, the MTDM bit rate
either per link or per channel decreases at the
same number of links in the fiber cable core.
Also, we can observe that as the number of
dropped channels increase, the MTDM
transmission technique either per link or per
channel increase at the same number of links in
the fiber cable core at the constant value of
temperature at 35 °C.

3) Figs. (12-15) have assured that as the number of
links in the fiber cable core increases, the MTDM
bit rate either per link or per channel increase at
the same number of transmitted, added or
dropped channels. But as the number of added
channels increase, the MTDM bit rate either per
link or per channel decreases at the same number
of links in the fiber cable core. Therefore, we can
conclude that as the number of dropped channels
increase, the MTDM transmission technique
either per link or per channel increase at the same
number of links in the fiber cable core at the
constant value of temperature at 45°C.

4) Figs. (16-19) have indicated that as the number of
links in the fiber cable core increases, the soliton
bit rate either per link or per channel increase at
the same number of transmitted, added or
dropped channels. But as the number of added
channels increase, the soliton bit rate either per
link or per channel decreases at the same number
of links in the fiber cable core. Moreover, we can
conclude that as the number of dropped channels
increase, the soliton transmission technique either
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per link or per channel increase at the same
number of links in the fiber cable core at the
constant value of room temperature.

5) Figs. (20-23) have demonstrated that as the
number of links in the fiber cable core increases,
the soliton bit rate either per link or per channel
increase at the same number of transmitted,
added or dropped channels. But as the number of
added channels increase, the soliton bit rate either
per link or per channel decreases at the same
number of links in the fiber cable core. Also, we
can observe that as the number of dropped
channels increase, the soliton transmission
technique either per link or per channel increase
at the same number of links in the fiber cable
core at the constant value of temperature at 35
°C.

6) Figs. (24-27) have assured that as the number of
links in the fiber cable core increases, the soliton
bit rate either per link or per channel increase at
the same number of transmitted, added or
dropped channels. But as the number of added
channels increase, the soliton bit rate either per
link or per channel decreases at the same number
of links in the fiber cable core. Therefore, we can
conclude that as the number of dropped channels
increase, the soliton transmission technique either
per link or per channel increase at the same
number of links in the fiber cable core at the
constant value of temperature at 45°C.

7) Figs. (4-27) have demonstrated that the MTDM
and soliton bit rates either per channel or per link
decrease as the ambient temperature of fiber
cable core material increases for both adding or
dropping transmitted channels multiplexing
technique. Also, we have indicated that in the
case of optical adding multiplexing technique, the
increased number of transmitted channels and
then the increased number of subscribers over
optical communication network. Moreover, we
have assured that in the case of optical dropping
multiplexing technique, the increased MTDM
and soliton bit rate either per link or per channel
over optical communication network.

5. CONCLUSIONS

In a summary, we have presented analytically the
importance role of OADMs in advanced optical
communication networks over wide range of the
affecting parameters. Also the investigation of
MTDM and soliton transmission techniques are
processed to handle both bit rates either per link or
per channel and maximum number of transmitted
channels for multi-links of fiber cable core. It is
evident that the increased of number of links in the
fiber cable core, the increased MTDM and soliton

bit rates either per link or per channel for both
adding or dropping channels multiplexing technique.
Moreover, we have observed and demonstrated the
increased of ambient temperature of fiber cable core,
the decreased MTDM and soliton bit rates either per
link or per channel for both adding or dropping
transmitted channels multiplexing technique. We
have demonstrated that the increased number of
transmitted channels can be achieved within optical
adding multiplexing technique and then to increase
number of subscribers over optical communication
network. Also, we have assured that the increased
bit rate is achieved within optical dropping
multiplexing technique. Therefore, we have
presented the high performance and important role
of OADMs to allow subscribers to optimize the use
of existing fiber cable by adding or dropping
transmitted channels and then maximize fiber cable
bandwidth.
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