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Abstract
Erbium Doped Fiber Amplifier(EDFA) has been established 
already as a very good all-optical signal amplifier, which amplifies 
a probe signal by the exploitation of the pump beam applied to 
it. Many optical processing and communication systems have 
used this amplifier physically. Here in this paper the authors 
propose an all-optical prototype synaptic neuron by the EDFA. 
The amplification character of probe beam by EDFA is exploited 
here to establish the above neuron.

I. Introduction
Replacement of electrons by photons in communication and data 
processing promises faster processing speeds,as well as better 
connectivity and larger bandwidth. Also light is free from different 
limitations of electronicse.g. electromagnetic interference, 
cross-talk, time response etc.They have low loss transmission, 
multiplexing capability and have a greater reliability. The non-
linear character of material, on the other hand, has opened a 
new door in the world of optical information processing. Laser 
non-linear material interaction has been used to perform several 
optical processing systems [1-3]. Again Erbium doped optical 
fiber (EDFA) is established as a very faithful amplifier and its 
amplification can lead to develop optical switching element, which 
may be a key element in optical information and data processor. 
This EDFA is activated for amplification if its pumping power 
reaches to a desired intensity level. At that level EDFA starts 
amplification of probe beam at the expense of pump power. This 
phenomenon of EDFA can be used to develop a prototype Synaptic 
all-optical neuron. This neuron fires (sends the probe signal), when 
the input signal gives a synaptic weighted value.

II. Basic Amplification Properties of EDFA
The optical amplifiers are the important device in all-optical data 
communication and information processing. These amplifiers are 
the photonic devices which can amplify an input optical signal 
(weak beam) lies in a special spectral range to an amplified intensity 
value. Semiconductor optical amplifier (SOA) and Erbium doped 
fiber amplifier (EDFA) are the most important optical amplifiers 
[4-6]. Here pump laser beam of high power of wavelength either 
980nm or 1480nm is sent through the Erbium doped fiber which 
excites the erbium ions and send them to a metastable state. In 
this situation a probe signal beam of wavelength 1539-1570nm is 
also sent into the fiber parallelly and it becomes amplified during 
its propagation through the EDFA. 

III. All-optical Intensity Encoded Synaptic Neuron
In a neuron any input X(t) is either in logical 1 state i.e, X(t)=1 or 
in logical 0 state i.e, X(t)=0. The logical state X(t)=1 is recognized 
as “firing” state and logical state X(t)=0 is known as “not firing” 
state. A neuron goes to the active condition if the added sum of 
those inputs is greater than specific threshold value.
In our proposed model we consider, n input signals X1, X2,…….., 
Xn with their respective weights W1, W2,.……., Wn. Xi=1 or 0 
value represents the presence or absence of the signal respectively. 

In a biological neuron an action potential is recognized as binary 
1 and its absence by binary 0. Thus, the total activation is given 
by 
V(X) = W1X1 + W2X2 +------+WnXn  (1)

                                                          (2)
If the activation becomes greater than threshold, the output will 
be unity. Thus a step function is obtained at output known as 
hard limiter.

IV. Optical Synaptic Neurons with EDFA
In this paper we have designed a method of implementing intensity 
encoded synaptic neuron by using Erbium Doped Fiber Amplifier 
(EDFA). We consider a typical erbium doped fiber having core 
radius 1.64 μm. As we know for erbium doped fiber if a weak signal 
beam is passed along with a pump beam through this fiber, the 
signal gets amplified. Analyzing the variation of signal power with 
fiber length, it is known that the gain is maximum when the length 
of fiber gets an optimum value. Beyond this optimum length the 
signal gets attenuated. The pump power which is high at the input 
end of the fiber decreases monotonically as it propagates through 
the EDFA. For a given fiber length, a threshold pump power is 
obtained. In this length a synaptic value of pump power can be 
chosen, which is completely absorbed at the output of the fiber. 
Above this threshold pump power, the conversion gain increases 
and goes to a saturation at the large pump power.
In our case we consider our pump beam of wavelength λp=980nm 
and signal beam of wavelength λs=1550nm. The input pump power 
is taken to be 5mw, where as the input signal power is taken as 
1μw. For input pump power of 5mw, the optimum length of the 
fiber is about 7m, where the gain of the signal beam is maximum. 
So, at the end of the 7m long fiber we will get amplified signal 
with a power of about 80μw.
This interesting property of EDFA inspired us to prepare a synaptic 
neuron using this amplification property. Fig. 1 shows the intensity 
encoded synaptic neuron. Here thepresence and absence of input 
signal is represented by 1 and 0 respectively. For simplicity, we 
consider the weighted values W1, W2,.……., Wn to be all equal 
i.e, W1= W2=.……=Wn=1mw(say).Then if three input channels 
are open, the total weight value or activation will be  
mw. As the bias term or threshold value for amplification is 5 
mw, the probe signal will not be amplified to desired value. But 
when another two input channels are made on/open, (as activation 
becomes 5 mw) it will trigger the input signal to amplify. If the 
output signal is passed through a 3 dB attenuator then the amplified 
signal after passing through it will be attenuated to half its value 
(80 μw). 
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Fig. 1: The All-Optical Synaptic Neuron. Here X1, X2,…….., Xn 
are input signals (pump beam) of λp=980nm, W1, W2,.……., Wn 
are respective weights, EDF is erbium doped fiber, λp, λs are λp 
and λs pass filters, D is the detector.

As a result, if we place a detector after the attenuator with such a 
sensitivity that it can detect a 40 μw signal beam when the output 
is incident upon it, then it will be able to detect the amplified 
signal at the output end. So, when the total pump power just 
reaches 5 mw, at that instant we will get the signal at the output 
i.e, Y=1; below this threshold we will not get any signal at the 
output i.e, Y=0.By changing the weighted values W1, W2,……., 
Wn, the number of synapses can be altered without changing the 
design of neuron. 

V. Conclusion 
This all-optical neuron is super fast and its speed can go far beyond 
100 THz limit as the whole operation involves no electronics. 
Again the scheme encourages the frequency encoding principle. 
So the total operation gives a faithful result having a high signal 
to noise ratio. The number of the input channels can be increased 
keeping the threshold value fixed. The system can increase the 
threshold value if the length of the fiber is increased.
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