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ABATRACT

A new device, optical cross add drop multiplexer (OXADM), is proposed and analyzed. It uses the combination concept
of optical add drop multiplexer (OADM) and optical cross connect (OXC). It enables a wavelength switch while
implementing add and drop functions simultaneously. So, it expands the applications in fiber to the home (FTTH) and
optical core networks. A very high isolation crosstalk level (~ 60 dB) is achieved. Also, a bidirectional OXADM and
N×N OXADM are proposed. Finally, a multistage OXADM is presented making some sort of wavelength buffering. To
make these devices operate more efficient, tunable fiber Bragg gratings (TFBGs) switches are used to control the
operation mechanism.
Keywords: magnetically tunable fiber Bragg grating, optical cross add drop multiplexer, FTTH.

1. INTRODUCTION
All optical networks have been attracting a great deal of interest in the last few years as an essential technology for the
future information infrastructure [1]. This is because of their ability to provide huge data capacity, network flexibility,
and reconfigurable paths for signal routing in the optical layer, thus eliminating the need for optical switches, efficient
traffic rearrangement, and relaxed network management [2]. To fully exploit the huge unused bandwidth of single mode
optical fibers, WDM and DWDM have been employed [3-5].
Therefore, new optical devices are required to provide additional facilities in such WDM transport networks, signal
routing and network reconfiguration (i.e. the cross connect operation). OADMs are the simplest elements to introduce
wavelength management capabilities by enabling the selective add and drop of optical channels [6]. An OXC is a device
used in optical switching. An optical channel at one of the input ports of the OXC could be sent to any of the output ports
according to the network switching requirements; as the OADMs, OXCs are a key component in the passive optical
networks (PONs). Since OXCs operate in the optical domain, they can potentially accommodate terabit data streams;
allow the optical network to be reconfigurable on a wavelength-by-wavelength.
FBGs have found many applications in WDM all optical networks, especially in OADM and OXC. Dynamically
configurable OADMs constructed with TFBG filter will be the basis for all next generation optical networking products.
In this paper, is proposed a simple, cost effective, flexible, easily upgrade and transparent configuration, using a
magnetically TFBG and an OC [7-9]. A fundamental difficulty of wavelength routing is the crosstalk from neighbor
inputs, which cause severe degradation in system performance.
This paper is organized as follows. Section 2 highlights the major crosstalk mechanisms and their characteristics. In
Section 3, a new device (OXADM) is introduced. Section 4 presents a multistage OXADM that can add some sort of
wavelength buffering, which we name signal parking. So, this multistage OXADM can be used as an optical buffer.
Section 5 illustrates the upgrade of the OXADM design to get a bidirectional device. This allows the same switching
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performance in both directions. In Section 6, an N×N OXADM is created. In this new proposed N×N OXADM, we
ensure any channel routed from any input port to any output port without the risk of collision with other channels.
Finally, Section 7 is a conclusion.

2. EVALUATION OF INTRABAND CROSSTALK IN AN FBG-OC-BASED OPTICAL
CROSS CONNECT
In all optical network introduction of OXC is limited due to presence of crosstalk. This is because the crosstalk levels are
generally very high that give rise to significant signal deterioration and increased bit error rates. There are various
sources of crosstalk in optical networks, due to unsatisfactory components. The definitions of optical crosstalk given
vary from one literature to another, thus causing confusion. This section outlines the major crosstalk mechanisms and
their characteristics. Crosstalk may be classified as either intraband (or homodyne), between signals at the same nominal
wavelength or interband (or heterodyne), between signals at different wavelengths [10].
2.1 Interband Crosstalk
Interband crosstalk is due to signals wavelength different from the target channel located outside the desired channel slot,
see Fig. 1.a. Interband crosstalk is non accumulative as it propagates through multiple nodes and can be reduced by
employing a narrow band filter at the receiver end, similar to WDM line transmission systems. It does not produce any
significant beating component during the detection process. At the receiver, it mostly acts as a random factor reducing
the signal extinction ratio, since it superimposes itself on the signal in the form of a random power [10].
2.2 Intraband Crosstalk
Crosstalk elements that fall within the desired wavelength channel slot are referred to as intraband crosstalk, see
Fig. 1.b,c. This is much more complex to deal with because it will accumulate while propagating through the nodes.
However, it will result in a beat component, which may or may not fall within the receiver bandwidth. If it appears
outside the receiver bandwidth then usually it can be ignored. It is worth mentioning that the effect of intraband crosstalk
is more damaging in end-to-end transmission than the Interband crosstalk.

(c)

Fig. 1 Switched induced crosstalk: (a) interband, and (b,c) intraband.

The optical power at the output of a typical 2×2 cross-connect switch, with isolation x, fed with two optical signals of
power P1 and P2, ω1 and ω2 the angular frequencies, φ1 and φ2 are phases, θ1 and θ2 the initial phases, and polarization p1
and p2 of both signals, respectively, is given by [10]:
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Where the first term is the signal power, the second term is the crosstalk, and the last term is the intensity beat noise
(beat). The signal waveform is corrupted by the crosstalk and the beat. The beat has a maximal value of ±
1
. Purely homodyne interference effects exists: (i) the signals originated from the same source, the phase
2
delay within coherent range, and polarization matching; (ii) the signals originated from the different sources, however
with fixed wavelength difference (which is very small), same phase and fixed initial phase, and equal polarization. For
this worst case, the beat term has a negative maximum - 2
1
. We can write Eq. (1) as:
2

1

(2)

In realistic system, purely homodyne interference effects are not expected as the interfering fields are most probably
generated from different sources with polarization mismatching.
Using the general definitions, the intraband crosstalk is classified into two categories of coherent crosstalk and
incoherent crosstalk. If the beat term in Eq. (2) dominates the total crosstalk, the crosstalk is denotes as coherent
crosstalk (
). If the beat term is very small and negligible compared with the total crosstalk, the crosstalk is denoted
as incoherent crosstalk (
). In the following section, an analytical model is established to evaluate the intraband
crosstalk performance using the stage-by-stage property of FBG – OC-based OXC.
2.3 Mathematical Model of Optical Crosstalk
The intraband crosstalk is contributed by first, second- and higher order crosstalk, as shown in Fig. 1. It is dominated by
the term of first-order crosstalk. For example, the level of first-order crosstalk is -40 dB, the term of second-order
crosstalk is thus -80 dB, which is 40 dB smaller than the term of first-order. Here crosstalk higher than second-order is
too small and not considered. Figure 2 shows a schematic structure of an N × N M-channel FBG-OC-based OXC
composed of (2n-1) stages of 2 × 2 OXCs. In the example here N = 2n = 4 represents the number of input/output fibers
and M is the number of wavelengths per fiber.
A general 2 × 2 OXC is shown in Fig. 2. Depending on the switching states of tunable FBGs, the input signals with the
same wavelengths can be routed to any of the output fibers. We designate that an arbitrary channel i is in the bar-state
when it is reflected at the matching ith FBG with a Bragg wavelength λi. In this case, the channel signal inserted in kth
input fiber will appear at the kth output fiber. Similarly, an arbitrary channel i is in the cross-state when it passes through
ith FBG with a central wavelength λi’ ≠ λi. In this case, channel signal λi inserted from kth input fiber will emerge from the
jth output fiber where k ≠ j.
In Fig. 2, the thick solid lines are the paths for the main channel signals from inlet fiber 1; the dashed and short dashed
lines are the first- and second-order crosstalk, (which is too small and not considered), respectively. The first-order
crosstalk is mainly due to leakage paths in FBGs and OCs. Those originating from the FBG, have the same wavelength
but originated from different fibers, which is classified as an incoherent crosstalk. Whereas crosstalk originated from the
circulators are from the same fiber at ‘‘bar’’ state, dashed lines in Fig. 2, and from different fiber at ‘‘cross’’ state, short
dashed lines in Fig. 2. Therefore, the channel in the bar state will encounters coherent and incoherent first-order
crosstalk, whereas in the cross state it will only encounter incoherent crosstalk.

(a)

(b)

Fig. 2 Two switching states of a 2 × 2 OXC (a) bar-state and (b) cross-state.
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Here we make the following assumptions: (i) all 2×2 OXC stages are in the bar-states. In a uniform FBG with very high
reflectivity, the sideband crosstalk deteriorates with the increase of reflectivity at the Bragg wavelength. To improve the
sideband suppression ratio, apodized fiber gratings are often used. They have a very small sideband crosstalk, which is
nearly constant over a certain wavelength range. Therefore, we also assumed that (iii) the FBG’s sideband profile has an
average crosstalk of XSB over all other channels.
In this analytical model, we assume that all 2 × 2 OXC stages are in bar-state and the FBG’s sideband profile has caused
an average crosstalk of XSB over all other channels. The losses of devices, i.e. FBG or OC, will not be considered.
Following a similar method as in the worst case optical power at the output of the first stage given as:
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0 are the input power of the signal channel i0 from fibers j0, and j, respectively, Xoc is the OC

crosstalk, XFG = 10 log10 (1 - RFG) is the FBG crosstalk, RFG is FBG reflectivity,
is the signal power at the
output of each stage, i designates the wavelength channel (1≤ i ≤ M), j is the number of the inlet fiber (1≤ j ≤ N), k is the
0 is the initial input optical power of ith channel from jth inlet. The first and second
path stages (1≤ k ≤ 2n-1), and
terms are the power of signal and crosstalk, respectively. The third and forth terms are the signal-crosstalk beat noise,
and the last term is the crosstalk–crosstalk beat noise. For the case of all stages being in the cross-state, all XFG is simply
replaced by XSB in Eq. (3). For simplicity, we have assumed that all channels have the same initial input power P(0).
Thus, at the output of the first stage the optical power is simplified as:
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The output power at kth stage is given as
1 1
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At the output of an N× N FBG–OC-based OXC, the coherent crosstalk
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Note that both crosstalk depend on network parameter n and component crosstalk XOC and XFG. They are completely
independent of the number of wavelength channels per fiber M and the input optical power level P(0). Expanding or by
Taylor series, at the output of N × N OXC, the number of first-order and second-order crosstalk contributions can be
easily obtained.

3. DESCRIPTION OF FIRST STRUCTURE OXADM AND ITS IMPLEMENTATION
The first structure to be presented, OXADM, is shown in Fig. 3. This structure consists of three TFBGs and two MOCs.
The TFBG3 is used to rout the input signal (input 1 or input 2) to the required output port (output 1 or output 2). The
other TFBGs 1, 2 are used to add and drop signals.
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Fig. 3 2×2 OXADM using MOC and TFBGs.

For example, an input signal, placed at input 1 (port 1 OC1), is obtained through lasers spectra and are composed of three
wavelengths; λ1 = 1549.9 nm (193.56 THz), λ2 = 1550.7 nm (193.46 THz) and λ3 = 1551.5 nm (193.36 THz), separated
by 0.8 nm (100 GHz) as the ITU grid [2]. The TFBG3 λM is used as a tunable optical filter and in this example, it was
tuned with a central wavelength of λ2 =1550.7 nm (193.46 THz). Another input signal is placed at input 2 (port 1 OC2),
with the same wavelength, λ2 =1550.7 nm. This is shown as the most extreme case to demonstrate the cross talk on the
output signals. Let λTFBG1 = λ2 (to add and drop signal) and λTFBG2 = λ2 (to drop λ2 from port 4 in OC1 and OC2, also add
another λ2 from port 5 in OC1 and OC2).
3.1 OXADM1 Simulation Results
The simulation results show the switching states of the TFBG including bar and cross-states and simultaneous selective
channel switching sending each desired channel to any given port. The FBGs are electrically controlled and act as
wavelength selective filters that properly route the input signals to the desired output port. Any wavelength λ1; . . λN can
be applied at the input ports of this configuration. Collision between channels of the same wavelength is avoided by
tuning the grating in pairs; for example, if λ1 at input 1(OC1) is routed to output 1, the signal λ1 at input 2 is
automatically routed to output 2 when TFBG3 adjusted at λ1.
In order to evaluate the performance of this OXADM1, laser sources with high power output provided the defined
channels an input signal, placed at input 1 (port 1 OC1), are composed of three wavelengths (λ1, λ2, and λ3) where λ1 =
1549.9 nm, λ2 = 1550.7 nm and λ3 = 1551.5 nm. In this simulation, λTFBG3 is adjusted to equal λ2. Due to this
configuration, λ2 is reflected from TFBG3 to port 2 in OC1, then it is sent to port 3, λTFBG1 is set to equal λ2, TFBG1 will
reflect λ2 to port 3 in OC1 and then port 4 which is the dropped signal. The added signal will be input from port 5 then to
port 6 and out from port 7 which is output 1. This shows an example of a bar state switching with add and drop
wavelength. Another input signal, placed at input 2 (port 1 OC2), with the same wavelength, λ2, because λTFBG3 = λ2, λ1
and λ3 will pass from TFBG3 and sent to port 2 in OC2. Also, λ2 (input 2 port 1 in OC2) is reflected from TFBG3 to port
2 in OC2, then λ1, λ2, and λ3 are sent to port 3 in OC2, λTFBG2 is also set to equal λ2 = 1550.7 nm (193.46 THz). TFBG2
will reflect λ2 to port 4 (in OC2) where λ2 is dropped; another λ2 is added through port 5 (in OC2). λ1, λ3 and the added λ2
will transmit to port 6 in OC2 and then port 7 which is output 2. This shows an example of a cross state switching (λ1 and
λ3 inserted from input 1 to output 2), and bar state switching for λ2 with add and drop wavelength capabilities.
Figure 4 shows the output 1 from port 7 in OC1, due to the bar state configuration for λ2. As shown in Fig. 4, the
homodyne crosstalk occurs at λ2. The first crosstalk is due to the non-complete reflection of the TFBG1. Because of this
reason, the drop signal which must be completely reflected from TFBG1, a small power from this signal transmits to port
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5 then to port 6 finally to port 7 which is the output 1. The amplitude of this crosstalk is -32.94 which is acceptable. The
second crosstalk is due to non-complete reflection of TFBG3 and TFBG1. When λ2 (from input 2) is reflected from
TFBG3, a small power from λ2 is transmitted to port 2 in OC1. This signal also is transmitted from TFBG1 and causes
homodyne crosstalk -64.48 dBm. The homodyne crosstalk isolation level is shown to be 31.951 dBm, which one can
improve it in the next multistage OXADM design. Also, a heterodyne crosstalk results from the reflection of the TFBG3
of a small power from the input signals λ1 and λ3 is shown. As can be shown, the heterodyne crosstalk isolation level is
very small less than (-118 dBm) which can be easily neglected.

Fig. 4 Output 1 from OC1 when TFBG3 tuned at 193.46 THz for OXADM1.

Figure 5 shows the drop signal from port 4 in OC1. It can be shown that λ2 is dropped, because TFBG1 is tuned at λ2.
Also, λ2 is attenuated due to passing by OC and TFBGs by -1.401 dBm.

Fig. 5 Drop signal from port 4 at OC1 for OXADM1.

Figure 6 shows the output 2 from port 7 in OC2. It can be shown that λ1, λ2 and λ3 suffer from small attenuation; λ2 due to
the incomplete reflection from TFBG2 and λ1 and λ3 due to incomplete transmit through TFBG3. Also, both λ1 and λ3
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pass by TFBG2. While λ2 is a new added signal but also suffers from small attenuation due to passing through a
circulator.

Fig. 6 Output 2 from port 7 in OC2 for OXADM.

Table 1 illustrates the comparison between the OXC + OADM (Cascaded) and OXADM. It is clear, that, the OXADM is
better than OXC + OADM in dropped signal. Because OXADM uses two OCs instead of six OCs, so, the insertion loss
will be reduced. Moreover, using two-circulator device is much more economical than the six-circulator device and is
easier in design.

Output 2

Drop 2

Output 1

Drop 1

Table 5.3 Comparison between OADM + OXC and OXADM.

Amplitude of λ2 (dBm)
Amplitude of homodyne crosstalk (dBm)
Amplitude of the second homodyne crosstalk (dBm)
Crosstalk isolation levels (dB)
Amplitude of λ2 (dBm)
Amplitude of homodyne crosstalk (dBm)
Amplitude of the second homodyne crosstalk (dBm)
Crosstalk isolation levels (dB)
Amplitude of λ2 (dBm)
Amplitude of homodyne crosstalk(dBm)
Amplitude of the second homodyne crosstalk(dB)
Crosstalk isolation levels(dB)
Amplitude of λ2(dBm)
Amplitude of λ1 , λ3(dBm)
Amplitude of homodyne crosstalk(dBm)
Amplitude of the second homodyne crosstalk(dBm)
Crosstalk isolation levels(dB)

OADM + OXC

OXADM

-2.289
-31.89
-33.52
29.601
-0.989
-32.38
-64.607
31.391
-2.28
-31.96
33.61
29.68
-0.987
-2.242
-33.27
-65.046
32.283

-1.4
-31.89
-33.2009
30.489
-0.989
-32.94
-64.48
31.951
-1.4
-31.68
33.061
30.28
-0.9813
-1.47
-33.037
-64.43
32.05
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4. A MULTISTAGE STRUCTURE OF 2×2 OXADM AND ITS IMPLEMENTATION
In this Section one can be achieved better isolation levels 50 dB using the same design as in Section 3 but using a TFBG
with higher rejection ratio (50% instated of 30%). The multistage OXADM, which is built as depicted in Fig. 7 is
composed of four multiport optical circulators and six TFBGs. At first, N multiplexed wavelengths are fed to the TFBG
through the circulator, and then the filtered signal is reflected and goes back to the circulator and then the signal passes
by the add/drop port (at ports 4-5 in the circulator). The optical switch allows the selection of the add/drop operation by
removing and adding the channel or passing through operation, where the removed channel can be added again.

Fig. 7 Multistage structure 2×2 OXADM.

5. OXADM BI-DIRECTIONALITY
As in the previous architectures, additional FBGs can be used to control more optical channels at the same time. These
architectures have the possibility of being upgraded to ensure bi-directionality, i.e., allowing the same switching
performance in both directions. This configuration is illustrated in Fig. 8 and it demands only the addition of four
multiport optical circulators and eight tunable gratings. The conjugation of these architectures with active devices is such
as semiconductor optical amplifier.

Fig. 8 Proposed architecture of bi-directional OXADM.
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6. N×N OXADM SCALABILITY CAPABILITIES
Concerning N×N OXADM scalability, this device offers many possibilities, one of which is depicted in Fig. 9 which
shows a 4×4 OXADM constructed with 6 elementary 2×2 OXADM1. Any channels present at the input ports are
properly routed to one of the output fibers without the risk of collision with other channels using the same wavelength.

Fig. 9 N×N OXADM.
In terms of insertion losses, our structure has worse performance due to the increased number of optical circulators and
FBGs. These losses can be reduced
using multi-port optical circulators [10].

7. CONCLUSION
The nature of internet traffic inspires us to look for technologies offering enormous bandwidth. The only way to cope
with this bandwidth demand is optical networks. But, a shortage in the optical devices, systems and sub-systems exist.
This paper aims to propose some solutions for optical devices, which will help in achieving our goal for all optical
networks that will carry the required bandwidth. The solutions include the development of a new design of multifunction
optical switch combining the two functions; OXC and OADM into a single device called optical cross add drop
multiplexer (OXADM). Also, an enhancement of the OXADM for a better isolation crosstalk level is achieved. A
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scalable tunable OXADM based on FBG-OC with the possibility of bi-directionality is proposed and demonstrated. The
operation of the OXADM has been simulated by VPI software and its performance evaluated. Good results have been
obtained in terms of crosstalk levels. The worst crosstalk isolation level obtained was 30.4 dB and the maximum
insertion loss was -2.28 dBm. The Interband and intraband crosstalk isolation level obtained with this OXADM design
and simultaneously using TFBGs was proposed. When comparing these results with previously published work on other
structures our crosstalk levels are acceptable. Using the multi-port optical circulators lead to improved crosstalk results.
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