Journal of Physical Sciences, Vol. 23, 2018, 201-208
I SSN: 2350-0352 (print), www.vidyasagar .ac.in/publication/jour nal
Published on 24 December 2018

I mplementation of an All-Optical Time-Domain
Multiplexing and Demultiplexing Scheme Exploiting
Material Nonlinearity and Polarization Encoded Light
Signal
Swati Midda

Department of Physics, S.A. Jaipuria College, K@k&00005, India
e-mail: swatimidda@gmail.com

Received 16 April 2018; accepted 27 November 2018

ABSTRACT

A new method of all-optical time domain multiplegirand demultiplexing scheme is
proposed. This type of switching is developed by ghnoper use of optical nonlinear
material and also polarization encoding techniqliee state of polarization of light
ensures the field intensity level same in wholeragen. Again the real time speed of
operation can be experienced here for achieving kegh rate of data processing.The
scheme may be extend to some wide applicationl iapgical parallel computation and
information processing.

Keywords: Non-linear medium; all optical switch; Multiplexeirand Demultiplexture;
Polarization encoding technique.

1. Introduction

The limitations of electronics are removed if ligist introduced as the information
carrying signal in high speed communication ané gabcessing systems. Here one can
expect very high operational speed, far above Teaz level [1,3,6]. In the
implementation of many all-optical processing tdéghas, nonlinear materials (NLMs)
can provide major support to optical switching lhsicuits [4,7,8]. To implement the
logic operation with nonlinear material as a switghelement, the intensity level of the
signal is considered to indicate the logic staBesit is required to fix a specific intensity
level of the light signal in favour of each bit. Bin long distance communication the
intensity of the optical signal may be changed ttuearious reasons. Then the logic
operation fails to work properly in the detectirides This difficulty may be avoided if
the principle of polarization based encoding-deegdiechnique is adopted as the
polarization state of a light signal is not chan{@&,9-11]. In this paper a new scheme
of implementing all-optical time-domain Multiplexanand Demultiplexing based on
polarization encoded light signal and material loearity is proposed.

2. Principle of timedivison multiplexing and demultiplexing

Time division Multiplexing is a process of selegtia particular input out of several
inputs at a particular time and of sending it tiytouhe proper output channel. Let us
explain it in details. In figure 1, (X1, X, and X are four inputs. A and B are control or
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triggering channels and Y is the output channelaByoper combination of control bits
A and B [there are four possible combinations ol B which are (0, 0), (0,1), (1,0)
and (1,1)]we can select a specific input data, 6£XX; or X, or X3) and this input data
can sent to the output Y.

Demultiplexing is the reverse process of multiphgxiHere we have one input

and several output terminals. A time division detipléxer is shown in figure 2 where
one input Y is connected to the four outputs X;, X, and X by suitable circuit and two
control channels A and B. By a proper combinatibA @and B we can connect the input
to a specific output (gor X; or X, or X3). The above multiplexer is ax4 time domain
multiplexer and the above demultiplexer isxadltime domain demultiplexer.

Control Bits Control Bits
A B A B
Input Data  § ¢ Input Datd ¥
X — i Demulti > X
X1 —p) Multlplex . — X; Output Data
ing plexing
Xo —p System Y output Data System — ,X
X = 4 14 %
Figure 1. Multiplexing Operation Figure 2: Demultiplexing Operation

3. Principle of switching operation by nonlinear material and half wave plate
The refractive index for some types of nonlineaterials can be written as

Ny = Ny + nzl (1)

where R is a constant term, s coefficient of the nonlinear correction termgdd is the
intensity of the input light. It is seen that tledractive index of the material changes with
the variation of intensity of the input light bealthus output beam direction will also be
change (shown in Fig 3). If X,Y,Z are three inpasér sources with equal prefixed
intensities (I) the presence of any one input, miag receive output at S end. When two
input beams are present output follows OD directienause of higher refractive index
due to higher intensity level (2I) of the light dlugh the nonlinear materials. Similarly
when three input beams are present, output folldWslirection. Hence the combination
of LM and NLM may act as a directional switch.

A half wave plate (Here Hi, i=1,2...) is udyahade of thin sheets of split mica or of
quartz crystal cut parallel to its optic axis. Thlate introduces a phase differencer aff
the wavelength of the light remains constant. Tivhen a light polarized perpendicular
to the plane of paper passes through a half waate,t becomes polarized in the plane
of paper and vice versa at the outlet. So a halevpdate can act as a NOT gate.
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Figure 3: Optical isotropic nonlinear material as a switch.

A half wave plate (Here Hi, i=1,2...) is usually maoliethin sheets of split mica or of
guartz crystal cut parallel to its optic axis. Thlate introduces a phase differencer aff
the wavelength of the light remains constant. Tivhen a light polarized perpendicular
to the plane of paper passes through a half waate,dt becomes polarized in the plane
of paper and vice versa at the outlet. So a halevpdate can act as a NOT gate.

4. All-optical time domain Multiplexing (TDM) scheme
We now propose all-optical time domain multiplexischeme with the combination of
polarizers, linear and non-linear material blockee scheme is shown in the figure 4.
Table 1 is its truth table. The polarizers P,, P;, Py, Ps, Ps, Py and R, allow only ‘J’
polarized light to pass through it and polarizess, Pio, Pi; allow *’ polarized light
beam. Here’ polarized light is denoted by bit value 1 (on@dd-’ polarized light is
denoted by bit value 0 (zero)XXi, X5, Xsare four inputs of bit value 1 (one) which are
supposed to be connected to the output channel &ndAB are the control bits of the
multiplexing system. By changing the control bitsaAd B we can transmit any input
data to the output.

The scheme is divided by four units. The outpueath unit is {' polarized
(one) when one and only one inpu’ (polarized) is passed through the linear and non
linear block, i.e. if one input light of intensifl) is presented at the interface between LM
and NLM then output light follow the S channel, rihge get light output 1. On the other
hand (21 or 3l intensity of light beams) outputhligfollows the path D or T channel
which is omitted here.

Case 1. When A=B=0, polarizers, P, of unit 1 block the light beams, only the input
light X, passes through the polarizes. Hhis light is made incident on the linear
nonlinear material (LM-NLM). It is then refractetbag the S channel. As a result data
bit X, is transmitted to the output giving YsXOn the other hand in case of unit 2, unit 3
and unit 4, both the' polarized light and {' polarized light are passed through the
polarizers. These beams are combined with inte@si{in case of unit 2 and unit 3) and
3l (in case of unit 4).These combined light beamesreow made incident on the (LM-

NLM)
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Figure4: An all-optical 4-line tol-line Multiplexer. P,,...are polarizers. M M, ....are
the combination of linear and nonlinear materialand B are data selectorsy, X. X5 are
four inputs, Y is the output boundary and refrackmhg the channels D and T which are
omitted. So the inputs XX, and X are not passed.

Case 2: If the control bits are changed to A=0, Badth the polarizers,Rnd R of unit
2 block the light beam and only Rllows to pass light beam having ‘polarization
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coming from input X. Thus at @ ‘]’ polarized light is obtained with intensity |. &hi
light beam incident at the LM-NLM boundary, so thisam is refracted to the S channel
causing light at the output (i.e. YZX Similarly form other units we get no light.

Case 3: When A=1, B=0, polarizersdahd R of unit 3 block the light andspasses light
having 7’ polarization coming from input X which gives at Y=X

Case 4. If the control bits are changed to A=B4thilar case is arrived in unit 4. Thus
the output Y gives light of]’ polarization (logic 1).

5. All-optical time domain demultiplexing scheme

Here a 1 to 4 line demultiplexer is proposed usitigable accommodation of polarizers,
half wave plate (H) and optical non linear matatidlhe proposed scheme is shown in
figure 5. By changing the control bits A, B the immlata Ycan be routed to the output
Xn, Where n is the decimal number represented bhittery string A, B.

Case 1: If A=B=0, polarizers,Rnd B of unit 1 block the light andsmasses light having
‘7’ polarization coming from input Y. This light beaafi intensity | incident at the LM-
NLM boundary, so this beam is refracted to the &ael. Therefore Y is transmitted to
the output X. In case of unit 2 polarizers Bnd R pass the light beams angltiocks the
light beam. A s a result the combined light bearmt#nsity 21 (]’ polarized light and-
polarized light) refracted to the D channel from INLM boundary (M)and only *
polarized light passes throughuPThus we get no light at;XThe operation is similar to
the unit 3 and unit 4 in figure 5. That ig9%,=X5=0 ("’ polarized light).

Case 2: When A=0, B=1. Polarizex #nd R of unit 2 block the light andg¢Rallows to
pass light having]’ polarization coming from input Y. As this lightem has the
intensity |, it is refracted to the S channel. Tinesget at X=1. The operation is similar
to the unit 1, 3 and 4 which is discussed abovesTi=X,=X3=0 (‘' polarized light).

Case 3: Similarly X=1and %=X;=X5=0 when A=1, B=0.

Case 4: If A=B=1, polarizers;RRnd B and R of unit 1 pass the respective light beams.
Therefore at Qgets light of ' polarization having intensity 3I (for the combtiman of
two data selector and one input beams). So the lieaefracted to the channel T. The
light beam after traveling through the have wawsebecomes’‘polarized. Thus at the
output iy we get light having-* polarization. In case of unit 2,,Rnd R pass the light
beams. We get both ‘and ‘J'polarized light at @ The combined light beam follow the

D channel and only the' polarized light is presented at the output of ¥nit 3 gives the
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Figure: 5. An all-optical 1-line to 4-line Demultiplexery P»,...are polarizers.
M1, M,....are the combination of linear and nonlinear mgeri  Half wave
plates, A and B are data selectors, Y input data, X3 are. four outputs. dne
result of unit 2 as stated above. In case of ymblarizer B, and R; block the light
beams and only;Ppasses the]' polarized light of intensity I, which follows th&
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channel. Hence the output of Xives ' polarized
light. i.e X;=1. The table below shows the truth tahle | ® |Y 0 0 0
of Fig. 5.

6. Conclusion e |11 10 Y 0 0
The above schemes of multiplexing and
demultiplexing are an all- optic one, so the reakt
speed of operation can be achieved from the scherhe® |0 |0 | Y |0
Again the system accommodates the polarization
encoding techniques which has much advantageeus
sides over intensity encoding. Hence each logie sta
carries the same amount of light whether the logic | 1 | o 0 0 v
state indicates 0 or 1.Therefore at the time of
transmission the average power of a byte remainstant and it does not change on the
number of ‘zeroes’ and ‘ones’ present in it.
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