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Abstract 
Kerr effect of some isotropic centro-symmetric non-linear 
materials has played many important roles for developing several 
all optical switches. These switches can be used for obtaining real 
time operation. The space requirement of these switches goes also 
in sub-micron level. The optical parallelism can also be observed 
in such switching functions. These switches can be used for several 
all-optical logic and arithmetic operations. The response time 
of such optical switches is in the order of femto-second level. 
Here in this paper we propose a new concept of implementing 
all-optical real time voting logic operations by the use of Kerr 
type non-linear material.
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I. Introduction
The two fundamental components of the simplest voting logic 
in computing systems are primary and alternate components. In 
case of normal operation output of alternate remains inactive. The 
alternate system periodically receives an activity message from the 
primary system until everything is alright. When a fault is detected 
in the primary system all the outputs from the primary get stopped 
along with the activity message. After the stopping of the activity 
message the alternate system activates its output. A voting logic of 
more reliability is composed of 3 devices or more. The function of 
all the devices is identical and the outputs are compared with the 
help of voting logic. When a disagreement occurs, the majority 
which is established by voting logic deactivates the outputs from 
disagreed devices. The normal operation will not be interrupted 
by a single fault. This technique is used in avionics and robotic 
systems, and also in space shuttle [1].
Here in this paper we probably first time propose a new scheme 
of developing non-linear material based all optical fundamental 
voting logic unit. Here Kerr type of non-linear material is used to 
get superfast speed of operation. As optics is used here, so one can 
get a high degree of parallelism, which exhibits a high operation 
speed for above THz range.   

II. Optical Kerr Material
Isotropic non-linear materials are the centro-symmetric materials, 
where the 1st order nonlinearity is absent, but the 2nd order is 
present. There are some isotropic Non-Linear Materials (NLMs) 
like pure fused silica glass, Carbon-bi sulphite and many others, 
which show Kerr type of nonlinearity. This type of material can 
show the character of self-focusing. For this type of material the 
2nd order nonlinear term in the expression of polarization ( ) 
has a significant role and cannot be neglected. Considering up 
to the 2nd order term and neglecting the higher order terms the 
expression for polarization becomes [2-3]

 =  +  (1)
For Isotropic materials

(- ( )     (2)
Hence the above equation becomes

 =  +     (3)

Where    Now proceeding in such a way one can find 
the expression of non-linear refractive index n of the isotropic 
non-linear material as  
n=      (4)
Here n0  =    is the constant linear refractive index 
term,      
n2 =  is the non-linear correction term and 
I=   is
The intensity of the light passing through it [4]. Fused silica glass, 
Carbon Di Sulphide (CS2) and many other dielectric materials can 
be used as this type of  non-linear device. For fused silica n0=1.458, 
n2=2.7×1020 m2/W and for CS2, n0==1.63 and n2=514×1020 m2/W.
For an example the deviation of the light signal passing through 
CS2 for different intensity level of the light beam can be calculated 
very easily. For an ordinary CW laser of 100 mW power and 
50 beam cross-section the intensity becomes 2×109 W/m2. 
Now if the above Continuous Wave (CW) beam is changed to a 
pulsed beam of pulse duration 10-9 s the pulse power reaches a 
value of 2×1018 W/m2. This pulsating beam can be obtained by 
the use of a suitable Q-switching or mode locking mechanism. 
Considering the average intensity of the pulse I= 2×1018 W/m2 
the value of ‘n’ becomes 11.91 for CS2. Now considering the 
angle of  incidence at LM and NLM interface as 45o one can find 
the value of the angle of refraction in the NLM (θ2) as 4.529o. 
The above value of θ2 can be obtained from Snell’s law. Now if 
the intensity of light passing through it is made doubled then ‘n’ 
reaches the value of 22.19 and the value of θ2 goes to the value 
2.429o. So the change of the angle of refraction ( θ2) goes to the 
value of 2.1o. the scheme is shown in fig. 1. 

Fig. 1:

Fig. 1, describes Kerr type of non-linear medium (solid line has 
the angle of refraction 4.5290 and the dotted line has the angle of 
refraction 2.4290).
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III. Optical Logic Using Kerr Type of Non-Linear 
Material
The equation of refractive index for some special type of centro 
symmetric non-linear material, having second order of non-
linearity can be written as n=n0+n1 I, where n0 is a constant term 
for refractive index at lower intensity, ni is a non-linear correction 
term. I is the intensity of light passing through it. From the above 
equation it can be seen that the refractive index of this special type 
of non-linear material changes with the intensity of light passing 
through it. Therefore the output beam path will also change if 
the intensity of light changes. This character of the non-linear 
materials can be applied in optical switching elements of all optical 
circuits.
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Fig. 2: Describes Optical Non-Linear Medium (NLM) as an 
Optical Switch (here BS1 and BS2 represents the beam-splitters 
and M is the mirror) 

Realization of  NOR, Ex-OR and AND operations using such type 
of non-linear materials are discussed now with help of an optical 
system described in fig. 2.
A and B are the two input channels through which light can be 
introduced to the NLM. Here absence of light represents the 
‘0’logic state and presence of light having a present value of 
intensity ‘I’ represents the ‘1’ logic state. CLS is a constant light 
source which always gives a light of intensity I to the input channel 
of NLM.
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Fig. 3: A Voting Logic with three AND Gates and one OR Gate

When both the input is at ‘0’, no light passes through the input 
channels A and B and one gets light in OX direction due to the 
constant light source. If the output is taken from OX channel one 
can get NOR output, i.e. OX channel gives light only for A=B=0, 
and for the rest of the cases A=0,B=I; A=I,B=0 and A=B=I  OX 
channel gives no light. Thus the OX channel gives I intensity of 
light for A=B=0. Similarly OY channel gives Ex-OR output, as 
the channel emerges light only for  A=0,B=I and A=I,B=0. This 
OY channel gives 2I intensity of light for the combination of 
A=0,B=I and A=I,B=0. In the same way for both the input ‘1’ i.e. 
for an intensity of light ‘I’ is present in both the channel A and B 
one can get the output along OZ direction. . If the output is taken 

from OZ channel one can expect AND result of operation. This 
OZ channel gives light for A=I and B=I logic state and at that 
time it gives 3I intensity level.
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Fig. 4: Realization of Optical Voting Logic Using Kerr Type Non-
Linear Material

IV. Voting Logic
A three input voting logic can be described as Y=A.B+B.C+C.A. 
The schematic diagram is shown in fig. 3.

V. Optical Voting Logic Using Kerr Type of Non-Linear 
Material
The schematic diagram of an all optical voting logic operation is 
as shown in fig. 4. Here I1,I2 and I3 are the three input channels 
through which light can be introduced in the circuit. A,B and C 
are the Kerr type centro-symmetric materials. Each of  I1, I2 and I3 
takes the value either ‘0’(i.e. absence of light) or ‘1’(i.e. presence 
of light of intensity I).The beam splitters used in this circuit are all 
50-50 beam splitters. After passing through the beam splitters the 
light enters to the Kerr type centro-symmetric materials having 
second order non-linearity. Each AND gate behaves as that of fig 2 
after emerging from the non-linear materials the AND light output  
from each unit (NLM) is added with the help of beam-splitters 
and mirror. So,The output is given as

  (5) 
This equation denotes output of voting logic operation.
The values of the intensity of outputs are as tabulated below

Table 1: Intensity of Different Optical Voting Logic Outputs

I1 I2 I3 Y(output)

0 0 0 0
0 0 I 0
0 I 0 0
I 0 0 0
I 0 I I/8
I I 0 I/2
I I 0 I/16
I I I (11/16)I
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VI. Conclusion
 The whole scheme is all-optical. So a real time operation with 
femto-second response can be achieved. The voting logic can be 
extended for the operation with a higher no. of inputs with higher 
no. of AND gates. The interesting point is that a single optical 
AND logic gate can be used for conducting the operations of a 
large no. of AND logic gates at a time.
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