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Abstract

The paper presents a novel symmetrical and narrow switching window for a terahertz optical asymmetrical
demultiplexer (TOAD) switch. This is achieved by saturating the semiconductor optical amplifier (SOA), located
within the TOAD loop, from both directions. So that, both clockwise (CW) and counter-clockwise (CCW) data
components will experience the same fast saturation effect when propagating through the SOA. Simulation
results show that a symmetrical switching window with fast rising and falling times is obtained regardless of the
SOA length.

1. Introduction

For future ultra-high speed photonic network based on optical time division multiplexing (OTDM), optical
switches are one of the essential components. There are a number of approaches to implement the optical
switches such as nonlinear optical loop mirror (NOLM) [1], terahertz optical asymmetric demultiplexer (TOAD)
[2], ultrafast nonlinear interferometer (UNI) [3],[4] and symmetrical Mach-Zehnder (SMZ) [5],[6]. The
advantages of TOAD switches are low switching energy, a simple structure and identical propagation paths for
signals within a short length fibre loop. The width of the switching window is determined by the offset of SOA
from the central point of the loop. The major limitations of TOAD switches are the finite length of fibre loop and
the SOA. The loop length, which sets the switching window, is only critical at lower data rates where a longer
length of fibre loop is required. However, at higher data rates where the switching window width is only a few
picoseconds, the loop length is rather short. The second limitation is due to the counter-propagation of the
control pulse with the CW (or CCW) data pulses within the SOA, which results in an asymmetrical window
profile. TOAD with asymmetrical switching window profile results in an increased crosstalk and reduced
switching speed [7]. To overcome this deficiency, optical switch based on two cascaded TOADs has been
reported [8]. In this paper, we propose a novel method of generating a symmetric and narrow switching window
profile for a single TOAD switch by saturating the SOA from both directions using two identical control pulses.

2. TOAD switch with single control pulse

The TOAD switching window profile is defined by the characteristics of the gain and phase profiles of the CW
and CCW components propagating within the loop. In a switch, data entering the input port of TOAD are split at
a 50:50 input coupler into two CW and CCW components, see in Fig. 1(a). With no control pulse, CW and CCW
components propagating within the loop will experience the same unsaturated amplifier gain G, recombine at
the input coupler and emerge from the reflected port. Introducing a control pulse (CP) via a second coupler in
CW direction will change the optical properties of the SOA, and as a result, the CW and CCW components will
experience different gain saturation profiles (known as co-propagation and counter-propagation effects).
Therefore when recombined at the input coupler, data will exit from the output port, thus switching of a
particular channel or packet. An expression for the TOAD switching window is given by [9]

GTOAD (t) =0.25 |_Gcw (t)+ Gccw (t)_ 2[Gcw (t)Gccw (t)]o.s Cos A¢(t)J’ (1)
where A¢(t) is the phase difference between the CW and CCW components.
In order to study the effects of control pulses propagations within the SOA, the SOA is modelled as a number of

small segments. Thus the gain and phase modulations on the passing signals are the accumulation of responses
of all the segments [7,10].



For switching a particular channel or a complete packet, the CW and CCW components must have different
phase characteristics before arriving at the input coupler. Therefore when recombined, data will emerge from the
output port. To achieve this, the CP enters the SOA after the switching-target CW component but before the
switching-target CCW component, and fully saturates the SOA. The CW component entering the SOA well
before the CP will experience G,. However, the next CW component entering the SOA after the CP will
experiences a full-longitude saturated gain Ggsar of the SOA, see Gew(t) profile in Fig. 1(b). The transition time
from Gg to Gsat is mainly determined by the width of the CP. On the other hand, CCW component entering the
SOA following the CP will experience partial-longitude saturated gains (at different values) of SOA. The partial
gain is mainly determined by the locations of both the CP and CCW components within the SOA, which results
in a reduced slow gain response as shown in Fig. 1(b). The CCW component experience fully saturated gain
once the CP has exited the SOA. The slower response of Geew(t), which lasts in 2Tsoa [11], contributes to the
longer slope of the switching window, see Fig. 1(c). For such switch, it has been shown that asymmetrical
triangle-shape switching window results in an increased crosstalk due to non-target channels [7]. For zero
crosstalk, the TOAD should ideally have a perfect square-shaped switching window exactly covering the target
channel. This can only be achieved if the SOA is considered as a point element and the control pulse has an
impulse characteristic, which is not a practical solution. Here we introduce a novel scheme for saturating the
SOA in order to achieve symmetrical switching window.
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Fig. 1: (a) TOAD with single control pulse, Tasym = 2ps (b) gain profiles and (c) asymmetrical switching window
3. TOAD switch with dual control pulses
As shown in Fig. 2(a) the SOA is simultaneously excited from both directions by two identical control pulses. In

the absence of the CP, CW and CCW components will experience the same SOA gain Gy, and therefore resulting
in no switching as outlined in section 2.
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Fig. 2: (a) dual excitation TOAD switch (b) Theoretical gain profiles Gew(t) or Geew(t)

With the CPs applied via couplers into the SOA after and before the switching target CW and CCW components,
respectively, the CW and CCW components will experience different gain and phase properties of the SOA as
outlined below:

(a) With the CPs located at the first and last segments of the SOA, CW and CCW components residing within
the SOA are subjected to the gain and phase changes of the SOA induced by only the counter-propagating



CP2 (CCW direction) and CP1 (CW direction), respectively. The Gew(t) and Geew(t), within the period of
Tsoa in this case, display identical slow responses as shown in the region A in Fig. 2(b).

(b) With the CPs now located at the last and first segments after propagating within the SOA, CW component
(of Tsoa period in length) following CP1 propagating through SOA will experience gain saturation due to
CP1, as shown in region B with steep transition in Fig. 2(b). However, due to counter propagating CP2, the
SOA is further saturated to a new level, but with slow response, as shown in region C in Fig. 2(b).

(c) When both CPs having exited the SOA, the gain recovery process backs to its initial value of G,. Therefore
any new CW and CCW components arriving at the SOA will experience the recovery gain characteristics as
shown in region D Fig. 2(b).

The gain profile for CCW component should also be identical to that of CW component with steep region B.
Therefore the resultant switching window should display a symmetrical profile, as outlined in the following
section.

4. Simulation Results
The TOAD switch, excited by two identical control pulses, is simulated using MATLAB®. The obtained gain

profiles are substituted into the equation (1) to obtain the switching window. The simulation work is based on
the previous work reported in [9]. The main simulation parameters used are shown in Table I.

Parameters Values
SOA length 500 pm
SOA recovery time 100 ps
SOA confinement factor 0.3
SOA transparent carrier density 10* m*
SOA linewidth enhancement 4
SOA active area 3x10™ m?
SOA differential gain 2x10%° m?
Number of SOA segments 100
Control pulse width (FWHM) 1ps
Single control peak power (Pcp) 1W
Dual control peak power (Pcpi1= Pcpy) 0.5 W per CP
Tasym 2ps

Table I: Main simulation parameters

The normalized Gew(t) and Geew(t) shown in Fig. 3(a) display identical profiles with three distinct regions as in
Fig. 2(b). The resultant switching window profile shown in Fig. 3(b), is symmetrical and with a full width half
magnitude of 2ps equal to the temporal separations between Gew(t) and Geew(t) in Fig. 3(a). Notice that the base
of the switching window is not completely flat. This is due to the slow slopes of regions A and C in Fig. 3(a).
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Fig. 3: Simulation result for TOAD switch using dual control pulses with Pcpy = Pcpy = 0.5W, Tagym = 2ps (a)
the gain profiles and (b) the corresponding symmetrical switching window
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Fig. 4: Switching window profiles for different values of Tagym

We further investigated the switching window profiles using the same parameters in Table 1 except for different
Tasym Values. As shown in Fig. 4, increasing Tasym Will increase the switching window height (amplitude) and its
width. This is because Gew(t) and Geew(t) for all values of T.sym are the same but differ only in the temporal
separations. The slopes A and C of gain profiles (as in Fig. 3(a)) will determine the flatness of the switching
window since these regions will appear inside the switching interval when Ty is large. Therefore changing the
power will certainly affect switching window profile and this is currently being investigated

5. Conclusions

A new scheme for saturating SOA within a TOAD switch has been proposed and simulated. The results obtained
for the gain profiles and switching window show a narrow and symmetrical profile compared with the traditional
single control TOAD switch. It is shown that the switching window profiles depend on the control pluses power,
which is currently be studied.
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