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Abstract— We report on an all-optical AND-gate using
simultaneous Four-Wave Mixing (FWM) and Cross-Gain
Modulation (XGM) in a semiconductor optical amplifier (SOA).
The operation of the proposed AND gate is simulated and the
results demonstrate its effectiveness. This AND gate could
provide a new possibility for all-optical computing and all-optical
routing in future all-optical networks. In an AND ( AB ) gate,
Boolean s firstly obtained by using signal B as a pump beam
and clock signal as a probe beam in SOA-1. By passing signal A
as a probe beam and as a pump beam through SOA-2, Boolean
AB is acquired. Proposed optical logic unit is based on coupled
nonlinear equations describing XGM and FWM effects. These
equations are first solved to generate the pump, probe and
conjugate pulses in a SOA. The pulse behavior are analyzed and
applied to realize behavior of all-optical AND gate and its
function is verified with the help of waveform and analytical
assumption.
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I.  INTRODUCTION

A lot of schemes based on cross-gain modulation (XGM)
have been reported, such as AND gates [1], NAND gate [2],
NOR gates [3, 4], XOR gate [5] etc. Cross-gain modulation
(XGM), one of several wavelength technique methods based
on SOAs, is simple to implement and has shown impressive
operation for high bit rates [6-8]. Electrons in the SOA are
placed in the excited states when electrical current is applied
to an SOA. An incoming optical signal stimulates the excited
electrons , and settled to the ground states after the signal is
amplified. This stimulated emission continues as the input
signal travels through the SOA until the photons exit together
as an amplified signal. However, the amplification of the input
signal consumes carriers thereby transiently reducing a gain,
which is called gain saturation. The carrier density changes in
an SOA will affect all of the input signals, so it is possible that
a signal at one wavelength affect the gain of signal at another
wavelength. This nonlinearity property is called XGM based
on an SOA. When a pulse exists for the pump signal passing
through an SOA, it causes carrier depletion in the SOA. The
carrier depletion leads to gain saturation in the SOA causing
the marked intensity reduction of an incoming probe signal.
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Therefore, the marked intensity reduction of the probe signal
in the SOA leads to no pulse existence for output signal. When
a pulse does not exist for the pump signal, there is no effect on
the gain of probe signal in the SOA. Therefore, output signal
has the same pulse as the probe signal.

In this paper the same effect is analyzed properly and then
applied to get the desired result.

II.  SIMULATION METHOD

In our approach the reference equations are taken from
Ref. [9] and different parameters which are taken into
consideration are tabulated below in Table I. It is assumed that
input pump, and probe pulses have the same temporal width as
well as perfect pulse overlap, and in all of the cases, their
powers are set to a ratio of 10:1. Numerical simulations have
been undertaken to investigate the amplification of strong
picosecond optical pulses in semiconductor optical amplifiers
(SOAs), taking into account carrier heating, spectral
holeburning, carrier-carrier scattering (CCS) and carrier
photon scattering (CPS). The result of interference of two
copolarized pulses when propagating into SOA,one pump
pulse at central frequency w! and the other probe pulse at
central frequency ®0 ,induce a bit of carrier density pulsation
at the frequency detuning Q=wm1-w0. This results a generation
of a new frequency pulse at 2= ©0- Q=2w0-w1.The new
pulse is phase conjugate replica of the probe pulses, and can
be extracted from the input pulses using an optical filter. Here
A (Z,1),J=0,1,2, correspond to the slowly varying envelopes
of the pump, the probe, and the conjugate pulses, respectively,
and Q=w1-w0, is the frequency detuning.

The following Equation has been taken into consideration

[9].
Ag(L. 1) = Ag(0,1) e @1k
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A (0, 1), is the
SOA,

Aq (L, t), is input pump pulse amplitude at any length L of
SOA,

L is length of SOA. t is time . Rest parameters are already
defined in Table I.

input pump pulse amplitude at any end of
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Where
Al (0’ t)!
A.

2
is input probe pulse amplitude at any end of

A; (L, t), is input probe pulse amplitude at any length L of
SOA.

L= length of SOA. t is time. Rest parameters are already
defined in Table I.
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3)
Where

A, (0, t) is input conjugate pulse amplitude at any end of
SOA.
A, (L, t) is input conjugate pulse amplitude at any length L of
SOA.
L= length of SOA, t is time. Rest parameters are already
defined in Table I.
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The amplification function h and coupling coefficient n;
are defined in [9]. The effects of carrier depletion, carrier
heating, spectral hole burning, two-photon absorption, and
ultrafast nonlinear refraction are taken into account, leading to
a successful description of wave mixing for optical pulses with
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strong pulse energy, and/or with pulsewidths larger than
several hundred femtoseconds , as well as in active or passive
optical waveguides. The parameters o., T, and ¢ determine the
strength and nature of the wave mixing process caused by each
of the intraband mechanisms and their relative significance.
The values of a, t, and & cannot be determined unanimously.

TABLE I: PARAMETERS USED IN SIMULATION WORK

Parameters Symbols | Values Unit
Length of the L 450 Mum
amplifier

Small signal gain G 1.54*10" m?
Carrier lifetime T 300 ps
Nonlinear gain & 0.13 w'
compression for

carrier heating

Non linear gain Ecnp 0.07 w!
compression for

spectral hole

burning

Traditional o 5.0

linewidth

enhancement factor

Temperature o 3.0

linewidth

enhancement factor

Linewidth Olshpy 0.1

enhancement factor

for spectral hole

burning

Time for carrier- T 50 fs
carrier scattering

Time for carrier T 700 fs
photon scattering

Carrier  depletion ad 47 wt
coefficient

I1l.  RESULTS AND DISCUSSION

Truth table for AND Logic can be given as

A B AB
0 0 0
0 1 0
1 0 0
1 1 1

Column AB of the above truth table indicates logic
behaviour of AND gate. The full design needs two SOAs.
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Figure 1.

Fig. 1 shows that in an AND ( AB ) gate, Boolean is
firstly obtained by using signal B as a pump beam and clock
signal as a probe beam in SOA-1. Next, by passing signal A as
a probe beam and  as a pump beam through SOA-2, Boolean
AB is acquired.

The following waveforms shows different outputs of
simulation of above equations.
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Figure 2 .( Pump b=0, Probe clk=0)
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Figure 3. (Pump b=1, Probe clk=1)
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Figure 5. (Pump b=0, Probe clk=1)
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Analysing Fig. 2, Fig. 3, Fig. 4,and Fig.5 ,we observe an
interesting result. The result shows that on proper manipulation
of pump ‘b’,and probe ‘clk’.we can get desired outputs. In Fig.
2 and Fig. 3 the input pump get inverted whereas in Fig. 4 and
Fig. 5, the outputs are same as that of inputs. The generated
signal when filtered out and when applied as a pump with a
different probe named ‘A’, in SOA 2 ,results the desired logic
of an AND Gate.

IV.  CONCLUSIONS

In this paper, it is shown that using analytical solutions of
nonlinear effects in semiconductor optical amplifier, we can
model an AND Circuit. This research has guided readers to
design all-optical AND logic circuits so that anyone can
construct any types of all-optical different logic circuits by
utilizing the detailed process of designing the AND Gate..
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