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Abstract
Optics has proved its successful role in parallel logic, arithmetic 
or algebraic operations. Again, Semiconductor Optical Amplifier 
(SOA) is a potential candidate for generating various optical 
switches for all optical computation and communication1. This 
material performs the switching operation by the use of Four 
Wave Mixing (FWM), Cross Phase Modulation (XPM), Cross 
Gain Modulation (XGM) and wavelength conversion etc. Several 
all optical logic operations have been reported using SOA as an 
optical switches 2. Again in all optical parallel computation and 
data communication the frequency encoding/decoding technique 
is found very much suitable due to its inherent advantages. OR gate 
using SOA and frequency encoding principle is also reported3. 
Here in this paper we are supporting a simulated result of the 
frequency encoded OR gate. This result uses the MATLAB based 
simulink software. The supporting analysis agrees the frequency 
encoded operation of all optical OR gate.
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I. Introduction
All optical  data processing are the most alternative and successful 
replacement to overcome the speed related problems in electronic 
or opto- electronic data processing system, as light has the  inherent 
character of parallelism . In case of faster Communication photonic 
systems are the most suitable one as photons are faster than electron 
in case communication is concerned. All optical logic gates are 
also very popular for implementing all optical computer and data 
processor. Although many theoretical and experimental successes 
have been achieved to develop optical logic gates, flip-flop, bi-stable 
multivibrators, latches etc. Again Semiconductor Amplifier (SOA) 
is established as a very promising optical device for conducting 
many all- optical logical operations [3-5]. For implementing the 
all optical logic and arithmetic devices it needs different types of 
encoding principle like, spatial encoding principle, polarization 
encoding principle, frequency encoding principle, intensity 
encoding principle and phase encoding principle. As the frequency 
is the basic characteristics of light, so frequency encoding principle 
is the most reliable one among all other encoding principles. In 
optical computing and data processing, high speed is the most 
important point. It is considered that the presence of optical signal 
at input/output end is encoded as binary ‘1’ and absence of optical 
signal as binary ‘0’ in intensity encoding. Now for long distance 
communication intensity of optical signal may significantly change 
and may dropdown below the respective level. If frequency of light 
is used in place of intensity of optical signal this problem may 
be overcome. To use the frequency encoding/decoding technique 
two different states of information can be represented by two 
different frequencies at the time of data computation. Frequency 
encoding principle is also a very important scheme for realization 

of optical logical operations [4-5]. Generally the presence of a 
specific frequency of light is treated as ‘1’ logic state and other 
specific one represents as’0’. Here these ‘1’ and ‘0’ states can 
be replaced by any suitable value of optical frequencies which 
remain unaltered and unchanged under reflection, refraction and 
absorption [6-7] etc. Here in this paper the authors describe a 
simulation study with mat lab programming to verify the optical 
switching operations of SOA as well as the function of frequency 
encoded optical OR gate.

II. Scheme of frequency encoded optical OR gate:
Optical logic gates are the basic building block to implement 
any optical logical functions or operations. OR gate is one of the 
most important and a basic unit of integral logical system. To 
develop the system some ADD/DROP multiplexers, wavelength 
converters, Mirrors (M) and Beam Splitters (BS) are used which 
is shown in fig. 1. Here the input beam A, and B may have either 
the frequency of ‘ν1’ or ‘ν2’ (wavelength λ1 or λ2 respectively), 
where ‘ν1’ frequency of light is encoded for ‘0’ state and ‘ν2’ 
frequency of light is encoded for ‘1’ state [8]. Where, optical 
ADD/DROP multiplexer is a frequency selecting network. It is 
tuned with a particular biasing current and it reflects a particular 
frequency of light through it and passes all other frequencies of 
light. Again in case of RSOA, if a weak CW probe beam  and a 
strong pump beam is injected to the input terminals of a properly 
biased SOA. The strong pump beam transfer its total power to 
the weak probe beam and then the weak probe beam becomes 
stronger and comes out to the output terminal. Here the truth table 
of OR logic is developed as shown in the Table 3. Again in fig. 
3, the functional model of frequency encoded OR gate is shown 
using simulink (Matlab).

Fig. 1: Frequency Encoded Optical OR Gate
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Fig. 2: Functional Model of Frequency Encoded OR Gate           

Table 3: Truth Table of Optical OR Gate

Functional model with simulated result of frequency encoded optical OR gate:
In this paper, we have shown the new functional model of frequency encoded optical OR gate in fig. 2. In fig. 3, the simulated output 
of frequency encoded OR gate is shown. Here it is shown that; if the inputs of both cases are low then output remains low. But any of 
the two inputs goes high and other remain low or both the inputs are high then the output also goes high. This logic fully satisfies the 
truth table of OR gate. Again in fig. 4(a) to 4(d) its different combinations of inputs-outputs are shown respectively. Where, fig. 4(a) 
shows if the inputs ‘A’ and ‘B’ both are binary ‘0’ then the simulated block provides the output as binary ‘1’. Fig. 4(b) represents that 
if the input ‘A’ = ‘0’ and other input ‘B’ = ‘1’, then the simulated block of optical OR gate shows the output as binary ‘1’. Similarly, 
in fig. 4(c), for input ‘A’ = ‘1’ and input ‘B’ = ‘0’ represents the binary output as ‘1’ too. And finally in fig. 4(d), the input ‘A’ = ‘1’ 
and ‘B’ = ‘1’, then output shows binary ‘1’. So these combinations of logic support the OR logic gate.

                                                                          Time       
Fig. 3: Graph of Frequency Encoded Optical OR Gate
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Fig. 4(a):

Fig. 4(b):

Fig. 4(c):

Fig. 4(d):
Fig. 4(a) to 4(d): Simulated functional blocks for different 
combinations of inputs and corresponding their outputs of 
frequency encoded optical OR gate.

IV. Conclusion
These simulated works completely supports the function of 
frequency encoded optical OR logic. As the simulation satisfies 
OR gate, therefore its performance can directly be utilized for 
developing and verifying the performances of different logic 

devices based on frequency encoding principle. One may implement 
for other optical operations like flip-flops, multivibrators, latch 
etc by using the above simulink software. The result of the output 
agrees the faithful and reliable operation of optical OR gate.
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