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Abstract: In recent past the ultra high speed all-optical switches, like 2×2 Terahertz Optical Asymmetric Demultiplexer 
(TOAD),based on semiconductor optical amplifier (SOA) especially in interferometric configuration are very pronouncing due to 
their high repetition rate, low power consumption, fast switching time, easily integrated, noise and jitter tolerance. And this2×2 
TOAD operationally versatile all-optical switch has brought the revolution in all-optical information processing systems. To 
achieve this goal, the switching network of this type of all-optical switches is explored in this paper.This switching network is 
designed by all-optical 2×2 TOAD, based interferometric switch to have four switching actions. And the application of proposed 
switching network i.e., a logic unit is also designed to get 16-logical operations. Numerical simulation confirmed the circuit’s 
feasibility and performance in terms of the choice of the critical parameters. 
Keywords—Terahertz Optical Asymmetric Demultiplexer; Optical Cross-bar Switch; Switching Network; Logic Unit 

I. INTRODUCTION 
For optical cross connect (OXC), it is necessary a number of optical switches of optical networks with wavelength division 
multiplexing (DWDM) [1]. In a square array structure, a cross-bar switch (XBS) is used and is made of 2 × 2 basic switching cells 
with the practical choice of our optical networks because of its comfortable sensed and no-blocking nature. Also, it is easy to 
implement and simple routing control [2-4].Now semiconductor optical amplifier (SOA) based interferometric all-optical switches 
are very good due to their fast switching time, high repetition rate, etc. in all-optical information processing systems [5-7]. In this 
field the Terahertz Optical Asymmetric Demultiplexer (TOAD) effectively contributes fast switching time and a reasonable noise 
figure with easy integration. It can operate with high speed switching rates and commercial available in chip level [7, 8]. The 
monolithically integrated the TOAD based switch isvery much robust and steady against external fluctuations than a Mach–Zehnder 
interferometer. Since, the interference occurs in same optical path between the co-propagating and counter-propagating 
beams[10].In this work, TOAD can be used to design more complex circuits of enhanced combinatorial and sequential functionality 
particularly regarding the critical issues of versatility, reconfigure ability, cascade ability, etc. For these advantages, the switching 
network of all-optical cross-bar switch based on TOAD has been designed and reported in this paper. The superiority of the 
proposed scheme is also verified by simulation results. 
This paper is progressed in such way that in Section-2 describes briefly all-Optical 2×2 TOAD based Cross-bar Switch. All-optical 
circuit of TOAD based proposed switching network is discussed in Section-3 and application of proposed switching network i.e., a 
logic unit is reported in Section-4. Corresponding simulation (by in Optiwave.OptiSystem.v7.0 and Mathcad-7.0) results confirm 
the properties proposed switching network and are also attached in Section-5 of this paper. The paper concludes with a discussion of 
future scope in Section 6. 

II. ALL-OPTICAL 2X2 TOAD BASED CROSS-BAR SWITCH 
A. Operating principle 
It has been proved that all-optical TOAD is an outstanding semiconductor optical amplifier (SOA) based optical switch having 
demultiplexing data capability about 50 Gbits/s [11]. It has two input port, one is data signal and other is a control pulse (CP) of 
different wavelength and two output ports, which are output port-1 and output port-2. When control signal is absent, the data signal 
of TOAD exits through only output port-2 as shown in Fig. 1(a). But, when control signal is present, the data will exit only from the 
output port-1 due to SOA is offset from the loop’s midpoint of TOAD by a distance Δx as shown in Fig. 1(a) [12].To design 2×2 
optical cross-bar switching component it is necessary to change something of this circuit. This cross-bar switch has two inputs (A, 
B) and two outputs (P, Q) as shown in Fig. 1(b). ‘A’ and ‘B’ are the incoming pulses (IP) of different wavelength than CP, which is 
injected to the loop through 3-dB coupler. The IP is divided into two equal parts inside TOAD, one clockwise pulse (CW) and other 
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counter clock wise pulse (CCW). The outputs are coming out through optical circulator (CR) and band pass filter (it blocks the CP 
and passes the IP) as shown in Fig. 1(b).  

 

 

 

 

 

 

 

 

 

(a) (b) 

Fig: 1(a) TOAD based optical switch,  (b) All-optical TOAD based 2×2 optical cross-bar switching component. CW: clockwise 
pulse, CCW: counter clockwise pulse, CP: Control pulse, CR: optical circulator, F: band pass filter which blocks the CP, 3 dB: 
(ideally 50:50) 2×2 3dB coupler, SOA: Semiconductor optical amplifier 

The output transfer function for transmitted (T) and reflected (R) port can be expressed as [6-10, 13]: 

                                T (t) =1/4{Gcw(t) + Gccw(t) - 2√ Gcw(t) Gccw(t).cos(Δφ)                                                                (1) 

                                R (t) =1/4{Gcw(t) + Gccw(t) + 2√ Gcw(t) Gccw(t).cos(Δφ)                                                               (2) 

The phase difference between cw and ccw pulse is defined by Δφ = (φcw – φccw). The symbols ( ), ( )cw ccwG t G t indicate the respective 

power gains and Δφ = - (/2).ln(Gcw/Gccw), where α is line-width enhancement factor. 

When a control pulse is present, it changes refractive index of SOA due to saturation. So that, CW and CCW data signals will 
experience a differential gain of saturation, i.e. Gccw ≠ Gcw and R (t) ≈ 0. Data will exit from output port-1. When a control pulse is 
absent, the incoming signal experiences same unsaturated state of SOA with gain G0, i.e. Gccw ≈ Gcw, Δφ≈0 and T (t) ≈ 0. Data 
will exit from output port-2 [14, 15].  

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Schematic diagram of all-optical TOAD based 2×2 optical cross-bar switch 
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TABLE I 
TRUTH TABLE OF CROSS-BAR SWITCH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Schematic diagram of all-optical TOAD based 2×2 optical cross-bar switch when CP=0, i.e. Cross-state operation 

 

 

 

 

 

 

 

 

 

Fig. 4. Schematic diagram of all-optical TOAD based 2×2 optical cross-bar switch when CP=1, i.e. Bar-state operation 
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The schematic diagram of this 2×2 optical cross-bar switching element is shown in Fig. 2. The truth table of this switching element 
is shown in Table I. From this table we can say that, if CP input is ‘C’ then, 

P=AC+BC̅ 

    Q=BC+AC̅                                                                               (3) 

Hence, if C = 0 then P = B and Q = A, i.e. it act as ‘cross-state’ (shown in Fig. 3.). And if C = 1 then P = A and Q = B, i.e. it act as 
‘bar-state’ (shown in Fig. 4.) [16, 17]. 

III. PROPOSED SWITCHING NETWORK 
The all-optical proposed switching network is designed by four cross-bar switches as shown in Fig. 5. There are four separate 
switching actions. Therefore it is needed two control inputs. Let the two control inputs are C1 and C2.  

 

 

 

 

 

 

 

 

Fig. 5. Design of proposed switching network, Inputs: X1, X2, X3 and X4,  Outputs: Y1, Y2, Y3 and Y4 and Control inputs: C1 and C2 

For the four switching actions it is assumed the following: 
C1 C2 = 00 for the 1st switching actions (as shown in Fig. 6), 
C1 C2 = 01 for the 2nd switching actions (as shown in Fig. 7), 
C1 C2 = 10 for the 3rd switching actions (as shown in Fig. 8), 
C1 C2 = 11 for the 4th switching actions (as shown in Fig. 9). 

Here X1, X2, X3 and X4 are inputs and Y1, Y2, Y3 and Y4 are outputs of the switching network. The following four equations for the 
above four switching actions are given below. 

Y1 = C̅2C̅1X4 + C̅2C1X2 + C2C̅1X3 + C2C1X1 

Y2 = C̅2C̅1X3 + C̅2C1X1 + C2C̅1X4 + C2C1X2 

Y3 = C̅2C̅1X2 + C̅2C1X4 + C2C̅1X1 + C2C1X3 

Y4 = C̅2C̅1X1 + C̅2C1X3 + C2C̅1X2 + C2C1X4                           (4) 

The above equations can be realized using the proposed design which is shown in fig. 5. 

 

 

 

 

 

Fig. 6. 1stswitching actionFig.7. 2nd switching action 
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Fig. 8. 3rdswitching action                    Fig. 9. 4thswitching action 

IV. APPLICATION OF PROPOSED SWITCHING NETWORK: LOGIC UNIT 
All-optical reconfigurable logic unit using cross-bar network is designed in this section, which is shown in Fig. 10. Here a constant 
pulsed light source (CPLS) is connected to one input of switch-1. The control input of switch-1 is ‘A’. The outputs of the switch-1 
are A and A̅ respectively. They are connected to the inputs of switch-2 and switch-3 accordingly as shown inFig. 10. Also ‘B’ is the 
control input of switch-2 and switch-3. Hence AB̅, AB, A̅B and A̅B̅ are fed to the input of switch-4, 5 and 6 of 4 × 4 cross-bar 
systems as shown in Fig. 10. The switches (2×2) unmarked by ‘number’ are cross connected, i.e. control inputs of such switches are 
all ‘0’. The control inputs of switch-7, 8, 9 and 10 are ‘C4’, ‘C3’, ‘C2’ and ‘C1’ respectively. It can be varied according to our 
demand. For example, if C4 = 0 then switch-7 is in ‘cross-state’ and AB̅ is directed to the output. Hence 16-logical operations can be 
found if we vary the inputs ‘C4’, ‘C3’, ‘C2’ and ‘C1’, which is shown in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. All-optical logic unit using cross-bar network system. BC: beam combiner, CPLS: constant pulsed light source 
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TABLE III 
16-BOOLEAN LOGICAL OPERATION 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V. SIMULATION AND RESULT 
The simulation by computer (in Optiwave.OptiSystem.v7.0) has been done using the parameter [18, 19] of SOA, which is shown in 
Table 3. The timing instant for the occurrence of bit pattern of outputs P and Q with the corresponding input A, B and CP are at 50, 
150, 250, 350, 450, 550, 650 and 750 ps. Fig. 14 and 15show the outputs P= 01010011 (when, CP=0, P=B and when, CP=1, P=A) 
and Q=00110101 (when, CP=0, Q=A and when, CP=1, Q=B) with the corresponding input A = ‘0 0 1 1 0 0 1 1’, B = ‘0 1 0 1 0 1 0 
1’ and CP = ‘0 0 0 0 1 1 1 1’ (shown in Fig. 12, 13 and 11 respectively). This section presents the simulation results that verify the 
all-optical proposed switching network. Fig. 11, 12, 13, 14 and 15 are the simulation result of cross-bar switch whereas, Fig. 16, 17, 
18, 19, 20 and 21 are for the proposed switching network. Here the binary logical states {0, 1} are represented by absence of light 
and presence of light, respectively. This computer simulation has been done using suitable parameter of SOA. Like above Fig. 18, 
19, 20 and 21 show the outputs Y1=11011101 (when C1=0 and C2=0), Y2=11101110 (when C1=0 and C2=1), Y3=01110111 (when 
C1=1 and C2=0) and Y4=10111011 (when C1=1 and C2=1) with the corresponding input X1= X3= X4=11111111 andX2=00000000 as 
shown in Fig. 16 and 17 respectively. 
Normalized output transfer function (T (t)) from Eq. (1) is plotted with time (in ps) in Fig. 22 (when CP is ON) for different set of 
G0. From this graph it is observed that the normalized transfer function is shifted toward the right for higher values of G0. We select 
the output contrast ratio (C.R.) as the optimization criteria. This indicates the opening of the eye diagram and defines the output 
contrast ratio (C.R.) as the minimum peak power when the pulse of the payload is high (1) say (P1

Min) and to the maximum when the 
pulse is low (0) say (P0

Max) [20]. 

C.R. (dB) = 10 log (P1
Min / P0

Max)                              (5) 

By Eq. (5) we can calculate the output C.R. (dB) for reversible logic gates is found 18.027 dB. 

Function C1 C2 C3 C4 Output 

F1 0 0 0 0 A⊕B 

F2 0 0 0 1 A̅B 

F3 0 0 1 0 AB̅ 

F4 0 0 1 1 0 

F5 0 1 0 0 A+B 

F6 0 1 0 1 B 

F7 0 1 1 0 A 

F8 0 1 1 1 AB 

F9 1 0 0 0 A̅+B̅ 

F10 1 0 0 1 A̅ 

F11 1 0 1 0 B̅ 

F12 1 0 1 1 A̅B̅ 

F13 1 1 0 0 1 

F14 1 1 0 1 A̅+B 

F15 1 1 1 0 A+B̅ 

F16 1 1 1 1 A ʘ B 
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Fig-23 shows give the variation of C.R. with control pulse energy ( cpE ) with eccentricity of the loop (T) is kept constant. It shows 

that maximum C.R. is obtained at 95.5fJ control pulse energy. 
 

 

 

 

Fig. 11. Input: CP (00001111) 

 
 
 
 
 

Fig. 12. Input: A (00110011) 

 
 
 
 
 
 

Fig. 13. Input: B (01010101) 

 
 
 
 
 

Fig. 14. Output: P (01010011), when, CP=0, P=B and when, CP=1, P=A 

 
 
 
 
 
 
 
 
 

Fig. 15. Output: Q (00110101), when, CP=0, Q=A and when, CP=1, Q=B 

 
 
 
 
 
 

Fig. 16. Input: X1= X3= X4=11111111 
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Fig. 17. Input: X2=00000000 

 
 
 
 
 

Fig. 18. Output: Y1=11011101, when C1=0 and C2=0 

 
 
 
 
 
 

Fig. 19. Output: Y2=11101110, when C1=0 and C2=1 

 

 

 

 

 

 
Fig. 20. Output:Y3=01110111, when C1=1 and C2=0 

 

 

 

 

 

 
Fig. 21. Output: Y4=10111011, when C1=1 and C2=1 

Table 3. Used Parameters for simulation 

Parameters Symbol Value 
Injection current of SOA I 300 mA 
Confinement factor Γ 0.49 
Differential gain aN 3.3 x 10-20 m2 
Line-width enhancement factor of SOA α 7 
Carrier density at transparency Ntr 1.0 x 1024 m-3 
Width of the active region of SOA w 1.4 μm 
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Fig. 22. Normalized output transfer function variation with time (ps) 

 
 
 
 
 
 
 
 

Fig. 23. The variation of contrast ratio (C.R.) with control pulse energy (Ec) 

VI. CONCLUSION 
In this paper, we proposed TOAD based cross-bar switch and switching network design scheme in all-optical domain. The 
understanding of this design is predicting due to its issues of versatility, re-configurability and compactness. The theoretical form 
presented in this paper and the results obtained numerically are useful to future all-optical logic computing system.. In order to 
experimentally achieve the result from the proposed design, some design issues have to be considered like, intensity losses due to 
beam splitters/fiber couplers, walk-off problem due to dispersion, optical circulator, etc. The walk-off between control and incoming 
signal may not be a great problem due to the small size of TOAD. The polarization controller may use at the fiber to maintain the 
state of polarization at different paths. To neglect the effect of amplified spontaneous emission (ASE) we use the small length of the 
SOA and also, to avoid two photon absorption (TPA) and ultrafast nonlinear refection (UNR) we apply the energy of the narrow 
control pulse of very lower than 1 pJ. The low intensity loss because of beam splitters or couplers, optical circulators and in 
interconnecting stages may not produce such trouble of getting the desired output optical bits. In future, the proposed schemes are 
also expected to be logical for other 2×2 optical switches and thus might be productive for optical computing devices.The future 
work canalso be concentrate for the realization of various network architecture and reconfigurable logic unit. 

 

Depth of the active region of SOA d 300 nm 
Internal loss of the wave guide αD 2500 m-1 
Wave length of light λ0 1550 nm 
Gain recovery time τe 100 ps 
Control pulse energy Ec 500fJ 
Full width at half maximum of control pulse σ 2 ps 
Incoming pulse energy Ein 0.01 mW 
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