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Abstract 

An experimental and theoretical study is presented 

for the transmission and noise characteristics of 

semiconductor optical amplifiers (SOAs). This device is 

very relevant in the novel optical networks. So the gain 

and noise performances are important in all the linear 

and nonlinear regimes. The paper exhibits the main 

characteristics of SOAs, which were measured also. 

1. Introduction 

The optical loss is high in case of very long optical 

link or usage of several optical dividers in the relative 

short optical way. For example in a mobile 

communication system and in broadband fibre-radio 

networks [1,2,6] the optical link can be used for 

distributing the radio-frequency signals to different base 

stations. The distribution network contains optical power 

splitters, which introduce considerable losses into the 

system. Hence, some optical amplifiers may be needed 

to compensate these optical losses. 

2. Compensation of optical loss 

The spontaneous emission is the source of noise in 

semiconductor optical amplifier and it is a random 

process, which is statistically stationary and will cause 

fluctuations in both amplitude and phase of optical 

signal. In addition, the spontaneous emission photons 

can interact directly the signal. It means that the optical 

output from optical amplifier is composed of an 

amplified optical signal and an amplified spontaneous 

emission (ASE) of a broad spectral width. Moreover 

interference is created between ASE components and 

light signal. So several type of noises (the shot noise 

owing to spontaneous emissions, beat noise between 

signal and spontaneous emissions, beat noise between 

spontaneous emissions components and excess noise 

owing to incoherence of the input signal) can be 

observed, when the output photons are detected by a 

photodetector. [3] 

In practical three main applications of optical 

amplifiers are used. In first method, SOAs operate as a 

post-amplifier to optical transmitter. In a non-

regenerative repeater the incoming optical signals are 

directly amplified and so this process is compensate the 

fiber loss. Finally, the SOA can be used as a pre-

amplifier to the receiver, it can amplify the incoming 

weak signal, thereby improving the sensitivity of 

receiver. For these applications SOAs with a wide 

bandwidth and low noise figure are required. 

In case of pre-amplifiers with high gain only the beat 

noises contribute to any significant noise penalty. The 

shot noise and the thermal noise of the electrical circuits 

can be reduced. If an optical filter is introduced the noise 

coming from the amplified spontaneous emission 

reduces. The coupling efficiency to SOA directly impairs 

the noise figure. However the light losses after 

amplification affect both the signal and the ASE equally. 

If G·L>>1 (G: gain, L: losses) the SNR is not dependent 

on L. When L is greater, the shot noise will become 

dominant. In case of post-amplifier the degradation of 

the SNR is relatively negligible. Then G·L<1 and the 

SNR degradation will only be caused by relatively low 

shot noise of ASE. The main issue is increasing the 

saturation power. 
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Fig.1. Block diagram of the theoretical link 

A theoretical link with one SOA was studied. The 

distance (and accordingly the loss) of the link, the input 

optical power and the input electrical modulation power 

(the modulation depth) are given. The beat noise 

between the ASE components is dominant in the system. 

The Fig.1. shows the block diagram of the studied 

system. The supposed loss of the link is 60dB, the signal 

to noise ratio in the end of the link without SOA is 

19.7dB. The output signal is independent of the position 

of the SOA, but the noise power is changed, if the 

SOA’s position is changed. 

The Fig.2. shows the computed noises and the signal 

versus position of the amplifier, so that the signal to 

noise ration as a function of the attenuation of section 

before the SOA. The SNR is constant if the SOA is 

placed the first part of the link, when the thermal noise 



dominates in the receiver. Because of the saturation 

problem the best place for an amplifier is always just 

before the thermal noise and SOA noise curve crosses [4, 

9]. 
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Fig.2. Detected signal and noise powers versus the 

position of the SOA 

3. �oise and Gain Characteristics of SOA 

The basic experimental setup consists of a tunable 

laser source, isolator to prevent the optical reflection 

harmful effect, optical spectrum analyzer to recording 

the optical amplification spectrum and of course the 

SOAs. However the optical amplification was measured 

with an alternative method, in which the amplified 

intensity modulated optical signal was detected and the 

detected electrical signal, which include the modulation 

information was measured with an electrical spectrum 

analyzer. Naturally, the measured electrical 

amplification must be divided by two, if the optical gain 

should be gotten. 

Some type of semiconductor optical amplifier were 

measured in the experiments. The typical graphs will be 

presented in the following.  

Noise in an optical amplifier is the most important 

parameter, the main noise source is the amplified 

spontaneous emission. The ASE spectrum changes as a 

function of the electrical bias current (Fig.3.). The ASE  

increases when the bias current increases, since the 

population inversion, which causes the spontaneous 

emission becomes higher. 
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Fig.3. ASE spectrum versus bias current. 

Naturally, the optical gain is not the same for all 

frequencies of the input signal, the typical optical gain 

spectrum has a finite bandwidth (Fig.4.), because of the 

waveguiding action of SOAs and the finite bandwidth of 

the material gain.  

The different between the two curves is given from 

the different input optical power. Namely a finite range 

of input and hence output power also limits the signal 

gain of an optical amplifier. If the input power to the 

SOA is increased, once the gain starts to drop. This is the 

gain saturation effect. So in the Fig.4. the small signal 

(not saturated) gain and large signal gain (which is lower 

because of the saturation effect) can be seen. 
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Fig.4. Gain versus wavelength 

The gain also depends on the bias current, the small 

and large signal optical gain measured for different 

values of injection current are plotted in the Fig.5. It can 

be seen that a minimum injection current is necessary for 

providing population inversion for suitable optical 

amplification.  
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Fig.5. Gain versus bias current 

The previously discussed saturation affects the 

amplified spontaneous emission spectrum, too. In the 

case of small signal amplification, that is the input 

optical power is low, the ASE spectrum is not affected 

by input signal. The Fig.6. shows the ASE spectrum 

without input signal and with small input signal. 

Important different between the two curves is not 

observed. 

On the other hand the input signal has essential 

influence to the ASE spectrum in saturated regime. The 

ASE spectrum decreases when the input optical signal 

increases as you can see in the Fig.7. 
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Fig.6. Optical spectrum in unsaturated region 
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Fig.7. Optical spectrum in saturated regime 

The reason is not to complicate since as we increase 

the input power, a point arrives where a rate of draining 

due to amplification is greater then the rate of pumping, 

such the population inversion level starts to fall. 

However, the spontaneous emission is proportional with 

the level of population inversion, hence the ASE 

decreases. 

In the saturated regime the ASE spectrum decreases, 

hence the beat noise between the ASE component 

decreases and other type of noise will be dominated. The 

noise is less, but the optical amplification is also smaller 

and the nonlinearity of the operation is biggest than in 

the unsaturated region. 

4. Modulation and Detection  

There are several interesting applications of SOAs. 

For instance the SOA can be used as a gating optical 

switch, there are two operational mode (“on” when 

pumping is on and “off” when pumping is off). Similarly 

the amplifier can be used as an external optical 

modulator. In this case the electrical bias current 

(consequently the refractive index of the amplifier) is 

modulated, so the material gain and the gain of the 

amplifier consequently the intensity of the output power 

will be modulated. In this way a modulator is developed, 

which can be integrated easily with the laser source 

(because of the same material). The Fig.8. demonstrates 

the modulation working mode of a SOA. Namely, the 

diagram presents the detected electrical power in case of 

intensity modulated light by SOA versus frequency with 

different modulation power of SOA at a given working 

state and input optical power. 
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Fig.8. Modulation with SOA 

In other hand the SOA can be detect the intensity of 

the light (the electrical current is proportional with the 

optical intensity). If the input signal is intensity 

modulated, the fluctuation in the optical intensity due to 

modulation will induce fluctuation in the injection 

current. So this current fluctuation can be detected and 

the SOA becomes a detector/monitor. The Fig.9. shows 

the detected electrical power by SOA versus modulation 

frequency with different bias current of SOA. When the 

bias current increases, i.e. the population inversion and 

the gain are higher the detected power increases. 
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Fig.9. Detection with SOA  

5. Other Application of SOA 

In our days the very high-speed optical transmission 

is a relevant problem. In the last years, the capacity of 

the optical transmission systems based on optical fibers 

is dramatically increasing tanks to the adoption of 

Wavelength Division Multiplexing (WDM) technique. 

The SOA in the nonlinear regime is the key device these 

all optical networks. There are many function, which are 

big challenge (3R regeneration, optical switch, optical 

multiplexing and demultiplexing, add and drop of one 

channel, clock recovery, etc.). Currently these systems 

and the short optical pulse working of SOAs are under 

strong research [5]. 



EAM or SOA? 

In recent years - in some aspects - concurrently with 

the development of the semiconductor optical amplifiers, 

another electrooptical device had gone through a great 

enhancement. This device is called ElectroAbsorption 

Modulator (EAM). 

The main features of the EAM is given by its 

characteristical structure: quantum well(s) are formed by 

a sandwich structure made from two wide bandgap 

semiconductor layers (eg. AlxGa1-xAs) and one narrow 

bandgap layer (eg. GaAs) between them. Two effects are 

seen in the configuration that are of devices interest. In 

luminescence, the light emission can be adjusted by the 

applied electric field, for light modulation purposes. In 

absorption, the band-edge can be shifted to lower photon 

energies with applied fields, while still retaining the 

exitonic resonances [7,8] (so-called QCSE [Quantum-

Confined Stark Effect]). These linear optical behaviour 

has long been known to show much interesting structure 

that reflects the quantum confinement of the carriers. 

Some more recent studies have concentrated on the 

nonlinear properties and the electric field dependence of 

the linear properties, particularly those associated with 

the exciton absorption resonances near the gap energy. 

One reason for increased interest in these areas is, of 

course, the possibility of practical applications. The 

above mentioned studies on the nonlinearity of the 

device demonstrated detailed results of experiments in 

which EAM had been occupied as transceiver element 

for example of a fiber-radio network. In these 

experiments [6] probably the most advantageous 

property of the EAM was used: this device can be used 

as a detector/remodulator element for a full duplex, laser 

diode - free remote Radio-Access Point (RAP). There 

has recently been considerable interest in the use of 

EAM also only as transmitter. Its low chirp, low drive-

voltage broad bandwidth, high saturation power etc. 

make it attractive for analog modulation provided that 

their inherent nonlinearity is controlled. 

From technological point of view: todays’ EAMs are 

mostly grown on GaAs substrates cannot only take the 

advantage of the well-developed GaAs processing 

technology, but also offer the potential for monolithic 

integration with other electronic or optoelectronic 

devices/circuits. 

Comparing EAMs to the SOAs we can observe that 

their goods on each other are approximately balanced 

today. Since these have similar application areas 

(modulators, detectors, combinated-function devices, 

etc.) these can give the designer the freedom of selection 

between these two devices according to the actual 

requirements of the given application. 

6. Conclusion 

The semiconductor optical amplifier has several 

application at present and the future. The optical 

nonlinearity, which underlie the possibility of all-optical 

processing. So the SOA is the most promising device of 

the future optical networks. This is the reason, why the 

analysis of this device is very important. Noise and 

transmission performance of semiconductor optical 

amplifiers were studied, measured and demonstrated in 

this paper. 
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