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Abstract: With the development of all optical networks,
Requires that all optical system including logic gate is
consistent with the new format. We proposed and
demonstrated a novel structure of ultrafast all optical full
adder based on the Cross-phase modulation (XPM) that is
principle nonlinear effect in a semiconductor optical
amplifier (SOA) assisted mach zehnder interferometer
(M2Z1). In this architecture quantum logic gates including:
Feynman, Toffoli and Peres gates are used to implement all
optical full adder. By using the presented structure, we
obtain low power penalty for designed full adder and error-
free performance at 10Gb/s and the receiver sensitivity for a
bit-error rate of 10-9 is below -10dbm. In additional, the
results show this structure will enhance the future optical
signal processing application for ultrafast operation.

Keywords: Semiconductor Optical Amplifier, Cross
Phase Modulation, All Optical Signal Processing, quantum
logic gate, Mach Zehnder Interferomer.

1. Introduction

Nowdays, in transmission systems, the rate of data
has been approaching the speed limitation of
electronics [1], [2], so far all optical systems are highly
desirably to support the all optical signal processing.
All optical full adder is one of the key element for
ultrafast all optical signal processing such as ultrafast
encryption and decryption [3], arithmetic operations
and complicated processing circuits (e.g., multiplier,
shift registers, counter, serial/parallel data converter
and central processing unit). [4]-[14], and digital
comparison [15],[16]. All optical full adder using logic
gates which works on nonlinear effect of medium, so
far two method using the nonlinear effect of optical
fiber and semiconductor optical amplifier (SOA)
[17],[18]. In the different methods, integrated mach
zehnder interferometer (MZI) based on SOA have been
developed as a practical due to their compact size
[19],[20], thermal stability and low power. All optical
full adder implemented with various nonlinearities in
SOA including cross gain modulation (XGM), cross

phase modulation (XPM) and four wave mixing
(FWM) which enable switching light to another
wavelength [21]-[23]. In this article for he first time,
we proposed and demonstrated an all optical full adder
based on XPM in SOA assisted MZI. Moreover, our
work differs in working principle and implementation
structure as will be seen. The remainder of the paper is
organized as follows. In section 2. We describe how we
can achieve the full adder and principle of operation
and structure, and we derive, analyze, and interpret
results on the performance of the all optical full adder
gate. Finally, in Section 4. we summarize the main
findings of our work and simulation results.

2. Principle Of Operation

We proposed and demonstrated logic operation based
on MZI-SOA for implement all optical full adder that
shown in Fig. 1. A structure of mach zehnder
interferometer (MZI) is created of two 3db-couplers
(50:50 coupler) connected by arms of equal optical
length. Also two semiconductor optical amplifier
(SOA) are placed into the upper and lower arms of
MZI. mach zehnder interferometer (MZI) has two
input ports, two output ports and input signal is split in
the two arms of the input 3db-coupler. Finally signal
splited, are recombined in the output combiner. In both
arms, SOA used for amplification and attenuation of an
optical signal. With XPM effect, changing the
refractive index of one of the arms, so the phase
difference at the input of the 3db-combiner changed
and signal switches from one output port to the other.
In MZI-SOA, if one signal presented attenuated in one
arm and amplified in the other arm. The working
principle of the MZI-SOA can be explained as follows.
In the demonstrated structure, the A2 signal is
propagates simultaneously in the two arms of MZI. If
input signal at the wavelength A1 is split at



Polarization

h 4

¥ Polarization .
Controller " 1 1
Vertical Cavitiy
Surface Emitting Laser 1 ]\ [0)]
Optical Delay 1
UL

SOA
50:5 0:50
SOA

Photodetector Signal
Analyzer

D2

Controller

Vertical Cavitiy
1Surface Emitting Laser

Fig. 1.

2 Semiconductor Optical Amplifier

Mach Zender Interferometer assisted semiconductor optical amplifier,

Mach Zehnder-

Photodetector Signal
Analyzer

this

structure is comprised of two discrete subsystems including: Input Data and MZI-SOA . In
input data two VCSEL laser, LD1 (1550nm) and LD (1554nm) to provide optical pulse.

the upper coupler, more power pass through upper arm.
With XPM effect in SOA, gain saturation induced and
carrier density reduced, as a result, an additional &
phase can be introduced on the A1 because of the XPM.
Now its clear with no signal Al , the A2 signal pass
through two arms and nothing exits from upper output
port. The nonlinear switching component used was a
1mm bulk InGaAsP/InP ridge waveguide SOA, when
driven with 300mA. In this structure optical filter is
placed in front of the output ports for blocking the
amplified spontaneous emission (ASE) noise and Bit
synchronization in structure was achieved using optical
delay [24]-[26].
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For implement all optical full adder, we used quantum
logic gates based on MZI-SOA. In this section we
explain the working principle and circuit operation of
guantum logic gates. The structure of proposed full
adder is comprised of the three quantum logic gates
including: Feynman, Toffoli and Peres gates. A 2x2
feynman gate (FG), also know as controlled-not for
implementation the logic functions. A Feynman gate is
a 2input and 2output having the mapping (A,B) to
(P=A,Q=A xor B). The demonstrated structure of FG is
shown in Fig. 2.

T ey e |

Beam Combiner Photodetector Signal
Analyzer

=

|BC|

Mach Zehnder-

Semiconductor Optical Amplifier

Signal
Analyzer

Beam Combiner Photodetector

Fig. 2. Strucrue of Feynman gate based on MZI-SOA

The proposed Feynman gate using two MZI-SOA and
two beam combiner (BC) based all optical logic gate.
BC is to simply combine the optical signal while the
beam splitter, splits the beams into two optical signal.
A 3x3 Toffoli gate (TG) has three input: 2 control
input, that are copied to the first two outputs.

one of the input that is complemented if two control
inputs are one, and that is directly copied to the last
output otherwise. On the other hand, in this gate having
the mapping (A,B,C) to (P=A,Q=B,R=A.B xor C). The
demonstrated structure of TG is shown in Fig. 3.
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Fig. 3. Strucrue of Toffoli gate based on MZI-SOA

The proposed Toffoli gate using three MZI-SOA and a
beam combiner based all optical logic gate. A 3x3
Peres gate (PG), is equivalent to the transformation
produced by a Toffoli gate followed by a Feynman
gate.
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In this gate having the mapping (A,B,C) to (P=A,Q=A
xor B,R=A.B xor C). The logical operation of PG
shown in Fig .6 and demonstrated structure of PG is
shown in Fig. 4. The proposed Peres gate using four
MZI-SOA and two beam combiner based all optical
logic gate.
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Fig. 4. Strucrue of Peres gate based on MZI-SOA

In Fig .5 we shown the gate level conceptual scheme of
all optical full adder using conventional quantum gate
symbols. In fact, full adder is fundamental binary
arithmetic units. In this structure having the mapping
(A,B,C) to two binary outputs of SUM(S=A xor B xor
C) and CARRY(C=AB xor C(A xor B)). The output
sum is logical “1”” when one or three of inputs (A,B,C)
are logical “1” and “0” otherwise.

The output carry is logical “1” when both or three of
inputs are logical “1”. We have experimentally
demonstrated a new all optical full adder at 10Gbit/s
using three inputs without any additional input signal
such as continuous wave (CW). In this structure we
obtain low power penalty for designed full adder and
error-free performance at 10Gb/s and the receiver
sensitivity for a bit-error rate of 10-9 is below -10dbm.
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Fig. 5. Proposed Strucrue of all optical full adder based on MZI-SOA

3. Conclusion

In this paper, the fundamental all optical quantum
logic gate including Feynman, Toffoli and Peres gates
by using the SOA assisted MZI are demonstrated for
implement the all optical full adder. By adjusting the
injection times of the input signal, various data pattern
were used to test the performance of the full adder
shown in Fig .6. The full adder structure operated
successfully for various different input patterns. In the

The wavelength of input signal A,B and C as shown in
Fig 6(a)-(c) are set at 1550,1554 and 1559nm,
respectively. The sum and carry outputs as shown in
Fig .6(d)-(e). Finally, it is key to note that the structure
requires only the data signals as input signal and no
additional input. The performance of this full adder is
extremely fast and with future improvement, more
advanced all optical digital processor are expected,

following  simultaneous,  three  synchronized  such as multiplier, divider, advanced
independent input signal A,B and C are assumbed tobe  encryption/decryption central processing unit.
10Gbit/s.
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Experimental results: the various input pattern: (a)-(c) the sum and carry output
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